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SLJIVEIVIAR Y
The work re p o r te d  in  t h i s  t h e s i s  concerns th e  m e la n in -c o n c e n tra tin g  
horm one <MCH>, a v e r te b ra te  n e u ro p ep tid e . MCH c a u se s  p a l lo r  in  a l l  
t e l e o s t s  s tu d ie d  so  fa r . However, th e re  i s  some ev id en ce  s u g g e s tin g  th a t  
MCH m ight m odulate th e  re sp o n se  to  s t r e s s .  Both i t s  p igm en tary  and 
e x tra p ig m e n ta ry  fu n c tio n s  w ere in v e s tig a te d .
The e f f e c t s  o f  th e  a d m in is tra t io n  o f  a n a e s th e t ic s  on plasm a MCH t i t r e s  in  
th e  t r o u t  were s tu d ie d . Phenoxyethanol o r benzoca ine  caused  only  m inor 
changes in  plasm a MCH over a  s h o r t  p e riod  com pared to  d e a th  by s tu n n in g , 
MS222 and U rethane induced s ig n i f ic a n t  in c re a s e s .
S tu d ie s  in to  th e  re sp o n se  o f  t r o u t  m elanophores to  in  v itro  c u l tu r e  
s u g g e s te d  th a t  th e  r e s t in g  s t a t e  o f  t e l e o s t  m elanophores i s  p u n c ta te  and 
n o t d isp e rse d , a s  p re v io u s ly  su g g e s te d , and th a t  MCH s y n e rg is e s  w ith  
n o ra d re n a lin e  to  cau se  m elanin  c o n c e n tra tio n  in  m elanophores. T his 
e x p la in s  th e  low plasm a c o n c e n tra tio n  o f MCH in  t r o u t  blood.
I t  was shown th a t  plasm a MCH c o n c e n tra tio n s  w ere r a is e d  by s t r e s s  in  
w h ite -  b u t no t b lac k -ad a p te d  f is h  and w ere red u ced  by dexam ethasone. 
However, th e  s tr e s s - in d u c e d  r e le a s e  o f  MCH and c o r t i s o l  do n o t appear to  
be d i r e c t ly  r e la te d .  MCH can d e p re s s  th e  s e n s i t i v i t y  o f  f is h  to  s t r e s s  in 
vivo. F ish  re a re d  in  w h ite - ta n k s  were much l e s s  e a s i ly  s t r e s s e d  th an  
b la c k - re a re d  f is h . In v i tr o  s tu d ie s  showed th a t  MCH does n o t a f f e c t  th e  
re sp o n se  o f  th e  in te r r e n a l  to  a d re n o c o r tic o tro p h in  bu t can in h ib i t  th e  
r e l e a s e  o f  a  c o r t ic o t ro p h in - r e le a s in g  f a c to r  from th e  hypothalam us.
The amount o f  MCH s e c re te d  by f i s h  in  th e  f ie ld  was m easured. F ish  kep t 
in  e a r th e n  o u td o o r ponds c o n ta in ed  and r e le a s e d  s im i la r  am ounts o f  MCH to  
f is h  r e a re d  in  th e  U n iv e rs ity  aquarium  in  b lack  tan k s . T here was no 
d e te c ta b le  e f f e c t  o f th e  se a so n s  on MCH s e c r e t io n  in  fa rm -re a re d  f is h .
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CHAPTER 1 
X NTRODUCTION
T his t h e s i s  concerns th e  m e la n in -c o n c e n tra tin g  hormone (MCH), a v e r te b ra te  
n e u ro p e p tid e  f i r s t  c h a ra c te r is e d  a s  r e c e n tly  a s  1983 (Kawauchi e t  al., 
1983). The body o f  ev idence  p ro v id in g  in fo rm a tio n  abou t i t s  a c tio n s  has  
grown ra p id ly , and i t  was th e  aim o f  th e  work re p o r te d  in  t h i s  t h e s i s  to  
c o n tr ib u te  to  th e  u n d e rs ta n d in g  o f  th e  e f f e c t s  o f  MCH on bo th  co lo u r 
change ( th e  fu n c tio n  in  f i s h  which led  to  i t s  d isco v e ry ) and i t s  e x t r a -  
p igm en tary  fu n c tio n s  which a re  p robab ly  th e  most im p o rtan t in  v e r te b ra te s  
a s  a  whole. Each c h a p te r  w i l l  ta c k le  a  d i f f e r e n t  a sp e c t o f th e  re s e a rc h  
to p ic s  und ertak en  over th e  l a s t  th r e e  y e a rs  and w ill  in tro d u c e  each
s u b je c t  a re a  in  a more s p e c if ic  and re le v a n t  way th an  can be a tte m p te d  in  
a  g e n e ra l  in tro d u c to ry  c h a p te r  such  a s  th is .  The fu n c tio n  o f  t h i s  c h a p te r  
i s  to  o u t l in e  th e  a re a s  o f  in v e s t ig a t io n  and p rov ide  a g e n e ra l
u n d e rs ta n d in g  o f  th e  background o f  th e  s u b je c t  a s  a  whole.
1.1. THE DISCOVERY OF MCH
The to p ic  o f c o lo u r change h a s  long been th e  s u b je c t  o f  b io lo g ic a l  
re s e a rc h . Many o f  th e  low er v e r te b ra te s  e x h ib i t  v a r ia t io n  in  sk in
p ig m en ta tio n  in  re sp o n se  to  changes in  background co lou r. Change in  co lo u r 
i s  ach ieved  th ro u g h  a l t e r in g  th e  d i s t r ib u t io n  o f  pigm ent g ra n u le s  in  th e  
sk in  pigm ent c e l ls ,  th e  d a rk e s t  and m ost n o tic e a b le  pigm ent be ing  m elanin  
which i s  found in  c e l l s  c a lle d  m elanophores. There a re  o th e r  ty p e s  o f
p igm entary  c e l l s  and th ey  a re  named acco rd ing  to  t h e i r  co lo u r o r pigm ent 
ty p es ; xan thopho res c o n ta in in g  th e  yellow  x a n th in  pigm ent, e ry th ro p h o re s  
c o n ta in in g  p te r in s ,  leu co p h o res  (w hite) and ir r id o p h o re  ( r e f le c t in g )  both  
c o n ta in in g  i r id e s c e n t  g u an in e  d e r iv a t iv e s .  Anim als can change th e i r  co lo u r
-  1 -
Chapter 1
by d i s p e r s i n g  m elan in  in  t h e  d e rm a l  and e p id e rm a l  m e lan o p h o re s  on a b la c k  
back g ro u n d  and c o n c e n t r a t i n g  i t  on a w h i te  background. D i s p e r s a l  o f  
m elan in  can  be ac h ie v e d  by t h e  r e l e a s e  o f  t h e  m e l a n o c y te - s t im u l a t i n g  
hormone (aMSH) from th e  p i t u i t a r y .  T h is  i s  a 1 3 - r e s i d u e  p e p t id e  d e r iv e d  
from t h e  p r e c u r s o r  m o lecu le  p ro - o p io m e la n o c o r t in  (POMC) a lo n g  w i th  o t h e r  
m o le c u le s  su ch  a s  a d r e n o c o r t i c o t r o p i n  (ACTH), (3-en d o rp h in ,  p - l i p o t r o p h i n  and 
o t h e r  f r a g m e n ts .  For a long  t im e  i t  was th o u g h t  t h a t  b ackground  a d a p t a t i o n  
in  am ph ib ia  and e la sm o b ra n c h s  co u ld  be e x p la in e d  e x c lu s i v e ly  in  t e rm s  o f  
t h e  l e v e l  o f  s e c r e t i o n  o f  a-MSH pro d u ced  in  t h e  p a r s  i n te rm e d ia  o f  t h e  
p i t u i t a r y  g la n d  s in c e  hypophysec tom y le a d  t o  m elan in  c o n c e n t r a t i o n  w h i le  
i n j e c t i o n s  o f  p i t u i t a r y  e x t r a c t s  c a u sed  m elan in  d i s p e r s io n .
In  1931 i t  was s u g g e s t e d  by Hogben and Slome t h a t  a m e lan in  c o n c e n t r a t i n g  
hormone e x i s t e d  in  t h e  am p h ib ian  p a r s  t u b e r a l i s  s in c e  l e s i o n s  in  t h i s  a r e a  
c a u sed  v e ry  i n t e n s e  d a rk en in g .  They p ro p o sed  a b ih u m o ra l  t h e o ry  in  t h e  
c o n t r o l  o f  c h ro m a t ic  a d a p t a t i o n  in v o lv in g  t h i s  “W" (w h i te n in g )  horm one and 
aMSH. L a te r ,  E tk in  (1952) showed t h a t  l e s i o n s  in  t h e  p a r s  t u b e r a l i s  
d e s t r o y e d  t h e  h y p o th a la m o -h y p o p h y s ia l  n e rv e  t r a c t s  which i n h i b i t  aMSH 
r e l e a s e ;  su ch  l e s i o n s  t h e r e f o r e  ca u sed  d a rk e n in g  due  t o  u n i n h i b i t e d  
s e c r e t i o n  o f  aMSH,
The s i t u a t i o n  was v ery  d i f f e r e n t  in  f i s h .  I n j e c t i o n  o f  t e l e o s t  p i t u i t a r y  
e x t r a c t s  f r e q u e n t l y  le d  t o  e x t r e m e  p a l l o r  in  some t e l e o s t s  b u t  which co u ld  
a l s o  in d u c e  d a rk en in g  in  o t h e r  v e r t e b r a t e s .  H ealey  showed in  1948 t h a t  
t h i s  m e lan in  c o n c e n t r a t i n g  e f f e c t  was n o t  a  p h a rm a c o lo g ic a l  phenomenon. In  
1955 Enami, w orking  w i th  t h e  c a t f i s h  Parasllurus, s u g g e s t e d  a  h y p o th a la m ic  
o r i g i n  f o r  MCH, a n a la g o u s  t o  o t h e r  n e u ro h y p o p h y s ia l  horm ones, b u t  Kent
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(1959) was unab le  to  r e p e a t  Enam i's f in d in g  in  a  d i f f e r e n t  sp e c ie s , th e
minnow Phoxinus la e v is  and Enam i's work was n o t su b seq u e n tly  c ite d .
I n te r e s t  in  th e  e x is te n c e  o f  MCH waned a s  th e re  was no econom ical b lo assa y  
fo r  th e  su b s tan ce . No MCH b io a c t iv i ty  was d e te c ta b le  in  th e  p i tu i t a r y  g land  
o f o th e r  v e r te b ra te  s p e c ie s  and th e r e  w ere v a r ia b le  in te r s p e c i f ic
re sp o n se s  o f  t e l e o s t  m elanophores to  p i tu i ta r y  e x tr a c t s .
I n te r e s t  was rev iv e d  much l a t e r  by Baker and B all (1975) who prov ided  some 
new o b se rv a tio n s . D enervated  m elanophores o f th e  m olly P oecilia  la  t ip  Inn a 
show m elanin c o n c e n tra tio n  when f is h  a re  p laced  on w h ite  backgrounds bu t 
rem ain d isp e rse d  in  f i s h  p laced  in  b lack  tan k s. Hypophysectomy
s ig n i f ic a n t ly  de layed  th e  o n se t o f  p a llo r  when f is h  w ere moved from a 
b lack to  a w h ite  background. These w orkers a ls o  showed, u s in g  g e l  
e le c tro p h o re s is ,  t h a t  two c o lo u r change hormones were p re s e n t in  th e  
p i tu i ta r y  and Baker and Ranee (1979) su b seq u e n tly  showed th a t  th e  
hypothalam us does c o n ta in  MCH, confirm ing  Enam i's p ro p o sa l th a t  MCH i s  a 
neurohypophysia l hormone. Ranee and Baker a ls o  showed th a t  c o n c e n tra tio n s  
o f MCH vary  w ith  changes in  background co lou r. L a te r  in v e s t ig a t io n s  by 
Baker and Ranee (1983) mapped th e  d i s t r ib u t io n  o f  MCH b io a c t iv i ty  in  
frozen  b ra in  s e c t io n s . They showed th a t  th e  m a jo r ity  o f  MCH was found in  
th e  v e n tr a l  th i r d  o f th e  hypothalam us w ith  up to  30% in  th e  d o rs a l  
hypothalam ic reg io n . The lo c a t io n  o f  th e  c e l l  b o d ies  was u n c e r ta in  b u t i t  
was su g g e s te d  th a t  a t  l e a s t  p a r t  o f  th e  v e n tr a l  a c t iv i ty  would be due to  
MCH axons converg ing  to w ard s  th e  p i tu i ta r y  s ta lk .  MCH-like b io a c t iv i ty  was 
dem onstra ted  a ls o  in  th e  hypothalam us, bu t n o t th e  p i tu i ta r y ,  o f Lampetra, 
Rana, Xenopus and th e  r a t  s u g g e s t in g  th a t  th e  m olecu le  m ight have a wide 
v e r te b ra te  d is t r ib u t io n .  The same a u th o rs  showed th a t  i f  th e  t i s s u e  was 
e x tra c te d  in  d i lu te  a c id  th e  b io a c t iv i ty  was lo s t ,  and th i s  cou ld  ex p la in  
some n e g a tiv e  r e s u l t s  from  e a r l i e r  w orkers (Baker and Ranee, 1983). E e ls  do
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no t resp o n d  to  In je c tio n s  o f t e l e o s t  p i tu i t a r y  e x tr a c t  w ith  p a l lo r  and fo r  
a long tim e i t  was th ough t th a t  MCH m ight be im p o rtan t fo r  c o lo u r change 
in  only  a few s p e c ie s  and th a t  chrom atic  a d a p ta tio n  in  th e  e e l  was due (as 
in  am phibia and e lasm obranchs) e x c lu s iv e ly  to  changes in  th e  c ir c u la t in g  
t i t r e  o f  otMSH. Gilhara and Baker (1984) showed th a t  i f  b la c k -a d a p te d  f ro g s  
were in je c te d  w ith  aMSH a n tise ru m  th ey  responded w ith  marked p a llo r . I f , 
however, b la c k -a d a p te d  e e ls  w ere in je c te d  w ith  anti-aM SH serum  s u f f i c i e n t  
to  n e u t r a l i s e  a l l  th e  m elanin  d is p e rs in g  a c t iv i ty  in  one p i tu i t a r y  th e y  
rem ained b lack  but would th en  respond  to  in je c tio n s  o f  p a r t i a l l y  p u r if ie d  
MCH w ith  p a l lo r  s u g g e s tin g  th a t  s e c re tio n  o f  an MCH i s  indeed  needed to  
ach ieve  ra p id  p a l lo r  in  th e  e e l.
MCH c o n c e n tra tio n s  in  th e  p i t u i t a r i e s  o f f is h  change w ith  a d a p ta tio n  to  
d i f f e r e n t  backgrounds; th u s , i f  lo n g -te rm  w h ite -a d a p te d  t r o u t  iSalmo  
gairdnerf>% e e ls  <A nguilla  ang u llla ) or carp  (Ctencpharyngodon Id e llu s ) a r e  
t r a n s f e r r e d  to  a b lack  background fo r  4 -6  days, th e  im m unoreactive MCH 
(irMCH) c o n te n t in c re a s e s  s ig n i f ic a n t ly ,  s u g g e s tin g  th a t  MCH r e le a s e  i s  
h a lte d  in  b la c k -a d a p te d  f i s h  bu t s y n th e s is  c o n tin u e s , r e s u l t in g  in  i t s  
s to r a g e  in  th e  p i tu i t a r y  (Baker, 1988b).
R ecently , i t  h a s  become p o s s ib le  to  m easure MCH d i r e c t ly  in  th e  plasm a 
u s in g  a s o lid -p h a s e  radioim m unoassay (RIA) (K ishida e t  a l.t 1989, E b e rle  e t  
aL, 1989). MCH c o n c e n tra t io n s  in  the  plasm a change d u rin g  background 
a d a p ta tio n , be ing  h ig h  in  w h ite -a d a p te d  f is h  (>100 pg/m l) and low in  
b lac k - o r  d a rk n e ss -a d a p te d  f i s h  (29 and 9 pg/m t r e s p e c tiv e ly ) .  T hese 
changes show an in v e rs e  r e la t io n s h ip  to  plasm a aMSH c o n c e n tra tio n s  (Baker 
e t al.„ 1984) s u g g e s tin g  th a t  th e  two hormones have th e  o p p o s ite  e f f e c t s .
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1.2. LOCALIZATION OF MCH
1.2.1. L o c a liz a tio n  In  f i s h
Salmon MCH was i s o la te d  and c h a ra c te r is e d  in  1983 by Kawauchi e t  aL and 
once th e  sequence  (a c y c lic  h e p ta d e c a p e p tid e )  became known i t  was p o s s ib le  
to  r a i s e  a n t i s e r a  a g a in s t  th e  s y n th e t ic  p e p tid e  and to  map i t s  d i s t r ib u t io n  
in  th e  b ra in  and p i tu i ta r y .  In  th e  salm onids Oncorhynchus ke ta  and Salmo 
gairdneri, MCH n e u ro n a l c e l l  b o d ie s  a re  found in  th e  n u c leu s  l a t e r a l i s
tu b e r  i s  <NLT> o f th e  v e n t r a l  hypothalam us (N aito  e t  a l.t 1985). Some
im m unoreactive MCH (irMCH) f ib r e s  from th e  NLT p a ss  c a u d o -d o rsa lly  to  th e  
p r e - t e c t a l  a re a  w here th ey  a r e  found l a t e r a l  to  th e  p o s te r io r  com m issure 
(Naito e t  aL, 1985), a  d i s t r ib u t io n  c o in c id in g  w ith  MCH b io a c t iv i ty  (Baker 
and Ranee, 1983). N aito  e t  al. (1985) a ls o  p o in t o u t th a t  th e  p r e t e c t a l  
reg io n  in  th e  f i s h  r e c e iv e s  ax o n a l p ro je c tio n s  n o t only from th e  MCH
p e rlk a ry a  b u t a ls o  from th e  r e t i n a  and th e  p in e a l  and s u g g e s t  th e
p o s s ib i l i ty  o f  com m unication betw een th e s e  f ib r e s ,  w ith  p o te n t ia l  
re g u la tio n  o f  MCH n eu ro n es . Some o f  th e  f ib r e s  a r i s in g  from th e  NLT c e l l  
bod ies p ro je c t  to  th e  p re o p tic  a re a  o f  th e  a n te r io r  hypothalam us, bu t th e  
m a jo rity  o f  f ib r e s  e n te r  th e  p i tu i t a r y  g land , m ostly  runn ing  n e a r  blood 
v e s s e ls  in  th e  p a rs  n e rv o sa  (PN> and s e c re to ry  c e l l s  o f  th e  p a rs  
in te rm e d ia  (PI), a lth o u g h  a few w ere seen  among c e l l s  o f  th e  p a rs  d i s t a l i s  
(PD). The p i tu i t a r y  g lan d  o f  th e  e e l  (Anguilla angullla') h a s  a s im ila r  
d i s t r ib u t io n  o f  irMCH in  th e  PI. In  th e  e e l  and th e  ca rp  (Ctenopharyngodon 
Idellu s ), u l t r a s t r u c t u r a l  s tu d ie s  show th a t  MCH i s  co n ta in ed  w ith in  o v a l 
n e u ro s e c re to ry  g ra n u le s  in  f ib r e s  which te rm in a te  p redom inan tly  a t  th e  
basem ent membrane s e p a r a t in g  th e  PN and PI (Pow ell and Baker, 1988). In 
th e  carp , some, b u t n o t a l l  o f  th e  MCH neu ro n es in  th e  PN c o n ta in  g ra n u le s  
which i n te r a c t  w ith  a n t i s e r a  a g a in s t  bo th  MCH and aMSH (Powell and Baker,
1987). The s ig n if ic a n c e  o f  t h i s  w i l l  be d isc u sse d  in  th e  n ex t s e c t io n  (1.3.)
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b u t i t  i s  a p p a re n tly  due to  c ro s s - r e a c t io n s  betw een th e  aMSH a n t i s e r a  and 
a n o th e r  p e p tid e  c leaved  from th e  MCH p re c u rs o r  m olecule.
In  th e  Molly (.Poecilia la tlp in n a ), n eu ro n a l c e l l  b o d ie s  w ere found in  th e  
t u b e r a l  hypothalam us, m ostly  w ith in  th e  NLT p a rs  l a t e r a l i s  a s  in  salm onids 
(B a tten  and Baker, 1988). F ib re s  w ere t r a c e d  fo rw ard s  th ro u g h  th e  p re -o p t ic  
a re a  a s  f a r  fo rw ard  a s  th e  o lfa c to ry  bulb , and a ls o  th ro u g h  th e  p o s te r io r  
hypo thalam us up in to  th e  p r e t e c t a l  tha lam us and m idbrain . Once again , in  
ag reem en t w ith  f in d in g s  in  o th e r  sp e c ie s , th e  m a jo r ity  o f p ro je c tio n s  were 
to  th e  neurohypophysis, m ostly  to  th e  PI w here th ey  te rm in a te d  on th e  
basem ent membranes o f blood v e s s e ls ,  on p i tu ic y te s  and on endocrine  c e lls . 
O ccas io n a lly  te rm in a ls  were seen  n e a r  th e  c o r t ic o tro p h s  o f th e  PD.
In  e lasm obranchs, th e  d i s t r ib u t io n  o f irMCH h a s  been in v e s t ig a te d  in  th e
d o g f ish  Scyliorhlnus canicula by V a lla r in o  and c o lle a g u e s  (1989). Using
a n t i s e r a  r a i s e d  a g a in s t  s y n th e t ic  salm onid  MCH (sMCH) th ey  found th re e
g ro u p s  o f  c e l l  bod ies in  th e  p o s te r io r  hypo thalam us, th e  m ost prom inent 
g roup  was d e te c te d  in  th e  n u c leu s  s a c c i  v a s c u lo s i. S c a tte re d  c e l l s  were 
se en  in  th e  n u c leu s  tu b e r c u l i  p o s te r io r i s  and in  th e  n u c leu s  l a t e r a l i s
tu b e r i s .  In  th e  p i tu i ta r y ,  th e  caudal m edian lobe  o f  th e  p a rs  d i s t a l i s  
c o n ta in e d  s tro n g ly  M CH-positive p e rik a ry a , q u i te  u n lik e  th e  s i tu a t io n  in  
t e l e o s t s .  A lso, no f ib r e s  were seen  in  th e  n e u ro in te rm e d ia te  and r o s t r a l  
d i s t a l  lo b e s  o f  th e  p i tu i ta r y  which w ere devo id  o f  im raunoreactive m a te ria l. 
Im m unoreactive f ib r e s  o r ig in a t in g  in  th e  hypo thalam ic  p e rik a ry a  p ro je c te d  
th ro u g h o u t th e  d o rs a l  w all o f  th e  p o s te r io r  hypothalam us, p o s it iv e  f ib r e s  
w ere a ls o  d e te c te d  w ith in  th e  thalam us and th e  c e n tr a l  g rey  o f th e  
m esencephalon. Some irMCH neu ro n es o f  th e  n u c le u s  s a c c i  v a sc u lo s i  a ls o  
showed th e  p re se n c e  o f  im m unoreactive aMSH (iraMSH).
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1.2.2. L o c a liz a tio n  In  am phib ia
The hypothalam us o f  th e  fro g , Rana rldlbunda , c o n ta in s  an irMCH th a t  can 
be d e te c te d  u s in g  an a n tise ru ra  r a is e d  a g a in s t  s y n th e t ic  sMCH. The h ig h e s t  
c o n c e n tra tio n  o f MCH p e r ik a ry a  i s  found in  th e  p re o p tic  reg io n  where 
num erous o th e r  p e p tid e rg ic  neu ro n es a re  lo ca ted , such a s  aMSH, 
c o r t ic o tro p h in  r e le a s in g  f a c to r  (CRF), th y ro tro p h in  re le a s in g  hormone (TRH), 
n e u ro p e p tid e  Y, l e u te in i s in g  hormone re le a s in g  hormone (LHRH) and 
s o m a to s ta tin . MCH n eu ro n es  in  t h i s  reg io n  a ls o  c o n ta in  iraMSH although , a s  
in  th e  carp , t h i s  does n o t n e c e s s a r i ly  in d ic a te  th e  p resen ce  o f  t r u e  aMSH 
(see  s e c t io n  1.3,). A second  group o f M CH-containing c e l l  bo d ies  is  
observed  in  th e  d o r s a l  in fu n d ib u la r  n u c leu s  which do no t seem to  r e a c t  
w ith  aMSH a n tis e ru m  (A ndersen e t  al,, 1987). Nerve f ib r e s  ex ten d  to  th e  PN 
bu t th e r e  a r e  no p ro je c tio n s  in to  th e  PI no r in to  th e  PD. (Andersen e t  al,,
1986). In  Rana temporaria  and Xenopus laevis , n e u ro n a l MCH c e l l  bod ies a re  
only found in  th e  p o s t e r o - l a t e r a l  hypothalam us n e a r  th e  d o rs a l  and v e n tr a l  
in fu n d ib u la r  n u c le i  (B atten  at a l., 1986).
1.2.3. L o c a liz a tio n  in  r a t s
In th e  r a t ,  an e x te n s iv e  sy stem  o f  MCH-immunoreactive n eu ro n a l c e l l  bod ies 
i s  lo c a te d  in  th e  d o r s o la te r a l  re g io n  o f th e  hypothalam us, ex ten d in g  along  
th e  t r a c t  o f  th e  m edian fo re b ra in  bundle from th e  re g io n  o f th e  
p a ra v e n tr ic u la r  n u c le u s  to  th e  r o s t r a l  t ip  o f th e  subm am m illary body 
(N aito, e t  a l ,, 1985; S k o f its c h  e t  aL, 1985). N early  a l l  th e  c e l l  bod ies n e a r  
th e  zona in c e r ta  c o - lo c a l iz e  w ith  iraMSH, bu t no c o - lo c a l iz a t io n  can be 
d e m o n s tra ted  w ith  o th e r  POMC fra g m en ts  (N aito e t  al., 1986; P e l le t i e r  e t  
al., 1987). Fellm an and o th e r s  (1987) observed  th a t  irMCH c e l l  b o d ies  in  
th e  r a t  d o r s a l  hypo thalam us c o - lo c a l iz e  w ith  im m unoreactive grow th 
hormone r e le a s in g  f a c to r  (irGHRF) (see  s e c t io n  1.3.). F ib re s  ex ten d  to  many
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re g io n s  o f th e  fo re b ra in , m idbrain , h in d b ra in  and d o r s a l  horn  o f th e  s p in a l  
cord; a few f ib r e s  a re  seen  a ls o  in  th e  median em inence and th e  PN. The 
d i s t r ib u t io n  o f MCH has been determ ined  by RIA and th e  o b se rv a tio n s  a g re e  
w ith  th o se  o f  th e  im m unocytochemlcal s tu d ie s  (Zamir e t  al., 1986). Sekiya 
e t  al., 1988 have a ls o  d e te c te d  irMCH in th e  b ra in s  o f  th e  g u in e a -p ig  and 
Pig-
1.2.4. Localization in humans
C ell bod ies s ta in in g  fo r  MCH a re  seen  in  th e  p e r iv e n tr ic u la r  a re a  and th e re  
i s  no a p p a re n t c o - lo c a l iz a t io n  w ith  aMSH ( P e l le t ie r  e t  al., 1987; Sekiya e t  
al., 1988).
1.2.5. Localization In Insects
An IrMCH h a s  been observed  in  in v e r te b r a te s  such  a s  th e  lo c u s t  (Locusta  
m igratorla ) and th e  g rey  f le s h f ly  (.Sarcophaga bullata). In th e  lo c u s t , 
Schoofs e t  al., (1988) found irMCH c e l l  bod ies in  th e  o p tic  lobes and some 
in  th e  p a rs  ln te r c e r e b r a l l s .  F ib re s  were p re s e n t in  th e  o p tic  lo b es  and in  
th e  p ro to -  and d eu te ro -ce reb ru m  a s  w ell a s  th e  co rp o ra  ca rd iaca . The 
p e rik a ry a  in  th e  o p t ic  lo b es  a ls o  s ta in  w ith  aMSH a n t i s e r a  a s  in  
v e r te b ra te s .  In  th e  g rey  f le s h f ly ,  th e  same a u th o rs  have observed  irMCH 
c e l l  bod ies in  th e  p a rs  l a t e r a l i s ,  some o f which c o n ta in  iraMSH.
1.3. CHARACTERISATION OF MCH AND ITS PRECURSOR
In  1983 MCH was c h a ra c te r is e d  by Kawauchl and c o lle a g u e s  in  th e  salm on 
and shown to  be a c y c lic  h e p ta d e c ap e p tld e  c lo se d  by a d isu lp h id e  b rid g e  
betw een re s id u e s  5 and 14. I t  h as  no s im i la r i ty  to  any o th e r  known 
m olecule ex cep t fo r  a  s l ig h t  s im i la r i ty  to  th e  C -te rm in a l fragm ent o f 
salm on p ro la c t in  (sPRL) which shows weak MCH-like a c t iv i ty  (0.04%). The 
m olecu lar s t r u c tu r e  o f MCH has been de te rm ined  fo r  o th e r  t e l e o s t  sp e c ie s .
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The B onito (Katsuwonus pelamis') h a s  an MCH id e n t ic a l  to  salm onid MCH; th e  
Japanese  e e l  (.Anguilla japonica) has  a s im ila r  m olecule w ith  j u s t  one 
s u b s t i tu t io n  o f  a sp a ra g in e  in s te a d  o f a s p a r t ic  a c id  a t  th e  N -te rm in a l, 
s u g g e s tin g  th a t  MCH i s  h ig h ly  conserved  in  t e l e o s t s  (Kawauchi, 1989). 
R ecen tly  Vaughan and c o lle a g u e s  have sequenced  th e  mammalian p e p tid e  from 
th e  r a t  hypothalam us. Rat MCH (rMCH) d i f f e r s  from th e  salmon p e p tid e  
(sMCH) by a tw o-am ino ac id  N -te rm in a l e x te n s io n  and fo u r a d d it io n a l  
s u b s t i tu t io n s  ( f ig  1.1.), Rat and human MCH a re  id e n t ic a l  (Vaughan e t  al., 
1989; Nahon e t al., 1989).
In  1987, Kawazoe and co -w o rk ers  r e p o r te d  o b s e rv a tio n s  which s u g g e s te d  
th a t  MCH m ight be c leav ed  from a la rg e  m o lecu lar w eight p re c u rso r . They 
found th a t  both  M CH-immunoactivity and - b io a c t iv i ty  o f hypo thalam ic 
e x t r a c t s  in c re a se d  i f  th e  e x t r a c t s  were d ig e s te d  w ith  ly sy le n d o p e p tid ase . 
L a te r, th e  cDNA sequence  o f  a  p u ta t iv e  p re c u rs o r  m olecule was re p o r te d  fo r  
th e  Chum and Chinook salmon r e s p e c t iv e ly  (Ono e t  a l ., 1988; M inth e t  al., 
1989). In f a c t ,  s in c e  salm onids a re  te t r a p lo id ,  two MCH cDNA sequences w ere 
d escrib ed , MCH-1 cDNA and MCH-2 cDNA, bo th  c o n s is t in g  o f 132 amino a c id  
re s id u e s  in  which MCH was found a t  th e  C -term inus. In th e  Chum salm on 
sequence, Ono and c o lle a g u e s  re p o r te d  th a t  MCH was id e n t ic a l  fo r  bo th  
mRNAs, w hereas th e  p re c u rs o rs  showed only  80% homology in  th e  amino a c id  
sequence and 86% homology in  th e  n u c le o tid e  sequence. Most d i f f e re n c e s  
occur a t  th e  N -term inus and in v o lv e  s in g le  base  changes. In th e  Chinook 
salmon, a lso , Minth and co -w o rk e rs  r e p o r te d  two MCH cDNA s t r u c tu r e s ,  t h e i r  
MCH-2 being  very  s im ila r  to  th e  Chum MCH-1 d e sc r ib e d  by Ono e t  al. w ith  
only 4 amino ac id  s u b s t i tu t io n s .  The Chinook MCH-1 and Chum MCH-2 a re  
even more a lik e  w ith  only  1 s u b s t i tu t io n .  In both  s p e c ie s  a t  l e a s t  one o f 
th e  cDNA sequences re v e a ls  a  p u ta t iv e  13 amino ac id  p e p tid e  which cou ld  be 
c leaved  from th e  p re c u rs o r  m olecu le  a t  th e  A rg-A rg r e s id u e s  a t  p o s it io n s
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99 and 100, term ed th e  MCH gene r e la te d  p e p tid e  (Mgrp) (Fig 1.1.). When 
RNA, I s o la te d  from a  v a r ie ty  o f  Chinook salm on t i s s u e s ,  was h y b rid ise d  w ith  
s e q u e n c e -sp e c if ic  p ro b es  d e s ig n e d  to  d is t in g u is h  MCH-1 and MCH-2, a 
p o s it iv e  s ig n a l  was found on ly  w ith  e x t r a c t s  from hypothalam ic t i s s u e .  In 
s i tu  h y b r id iz a tio n  w ith  s e v e r a l  p ro b es  produced in te n s e  s ig n a ls  in  th e  
m ag noce llu lar n eu ro n es o f  th e  n u c leu s  l a t e r a l i s  tu b e r i s  (NLT) o f  th e  
hypothalam us, in  th e  same a re a  a s  im m unocytochem ical s ta in in g  was found 
(Minth e t  al., 1989). R ecen tly  th e  cDNA sequence o f th e  r a t  MCH p re c u rs o r  
has been re p o r te d  by Nahon and c o lle a g u e s  (1989). Only one ty p e  o f  MCH- 
encoding mRNA was found in  th e  r a t  b u t th e s e  a u th o rs  su g g e s t th a t  th e r e  
may be more th an  one gene  p re s e n t  in  mammals. The mRNA sequence c o n s is t s  
o f 165 r e s id u e s  w ith  th e  1 9 - re s id u e  hormone a t  th e  C -term inus. Rat MCH 
and Salmon MCH p re c u rs o rs  show only  28% homology (54% n u c le o tid e  
s im i la r i t i e s )  a s  a  whole b u t t h a t  th e  d eg ree  o f  homology v a r ie s  a t  
d i f f e r e n t  re g io n s  o f  th e  p re c u rso r . The s ig n a l  p e p tid e s  and c e n t r a l  
s e c t io n s  o f  th e  m olecu les have d iverged  e x te n s iv e ly  showing only  17% 
homology w hile  th e  C -te rm in u s  shows s ig n i f ic a n t  sequence  co n se rv a tio n  (42% 
amino a c id  homology). In  th e  r a t  p re c u rs o r  th e r e  ap p ear to  be two 
p u ta t iv e  p e p tid e s  which could  a ls o  be c leaved  from th e  m olecule, term ed  
NGE (n e u ro p e p tid e -g ly c in e -g lu ta m ic  ac id )  and NEI (n eu ro p e p tid e -g lu ta m ic  
a c id - is o le u c in e )  betw een r e s id u e s  110-128 and 132-144 re s p e c t iv e ly  (see  
F ig 1.1.). These p e p tid e s  s h a re  some sequence homology w ith  aMSH, CRF and 
GRF and could  e x p la in  some o f  th e  o b s e rv a tio n s  re p o rte d , u s in g  
imm unocytochemical m ethods, o f  c o - lo c a l iz a t io n  o f  th e s e  p e p tid e s  w ith  MCH 
(see  s e c t io n  1.2.). S ince such  a p p a re n t c o - lo c a l iz a t io n  i s  n o t observed  in  
a l l  MCH c e l l  ty p e s  i t  would a p p e a r  th a t  MCH p re c u rs o r  p ro c e ss in g  v a r ie s  
w ith  c e l l  type. The re g io n  term ed  NEI in  th e  r a t  i s  e q u iv a le n t to  th e
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Fig  1.1. cDNA seq u en ce  o f  salm on and r a t  prepro-MCH and A p ly s ia  p r e p ro - P e p t id e  
A from Nahon e t al,, 1989, o  r e p e s e n t s  c o n s e rv a t iv e  s u b s t i t u t i o n s
sMCH Met£ Arg Asp Ser Val Leu Ser Val He Phe Ala Leu Ala Leua Phe Leu Glu Cys





Val Ser Ser Gin Ser Thr Ser \lal His , , , , • • . . . G?y Lys iTe Phe Val Pro
sMCH Tyr Thr Pro Ser Met Ala He Pro Met Gly Lys
rMCH Phe Arg Met Gly Lys . . i , • iii • •it • . • 1 I I I ! i . i , , , >««• . . . Ala Phe Gin'ly s g! u Asp
Peptide A AsmArg Ala Val Lys Leu Ser Ser Asp Gly Asn Tyr Pro Phe Asp
£
Leu Ser Lys Glu Asp
sMCH Met Glu Asp Thr Ala Leu
•
Glu Gin Asp Thr Leu Asp Ser• Leu • i i i • « i i • i • Leu Asn Glu•
rMCH Thr Ala Glu Arg Ser Val Val Ala Pro Ser Leu Glu Gly Tyr . . . . . , . . • • • Lys Asn Asp
Peptide A Gly Ala
£
Gin Pro Tyr Phe
£
Met Thr Pro Arg Leu Arg Phe Tyr Pro He Gly Lys Arg Ala
sMCH Glu Val Ala . . . , , , Asp Lys Asn
£





Met Lys Asp Asp Asp Asp Lys Thr Thr Lys Asn Thr Qiy Ser i . . .
Peptide A Ala Gly Glu Met Glu Gin Ser G?u Gly Gin Asn Pro Glu Thr Lys Ser His Ser Trp Arg
sMCH Ser Lys He He Val Leu Ala Asp Ser Gly . . . ...... Met
A
Trp Lys Asn Leu
A
Asn Arg
rMCH Lyt Gin Asn LeuSk Val Thr His Gly Leu Pro • • i <i i i i < • i • Leu Ser Leu Ala Val Lys Pro
Peptide A Lys Arg Ser
w
Val Leu Thr Pro Ser Leu Ser Ser Leu Gly Glu Ser Leu Glu Ser Gly He
sMCH Gly Leu Pro Leu   Tyr Lys Leu Lys Ala Ala Ala Ala Sly Leu Asp Arg Ala
e |-------------------*----- NGE---------- -- ------------- - ----------
rMCH Tyr Leu Ala Leu Lys Gly Pro Ala Val Phe Pro Ala filu Asn Sly Val Gin Asn Thr Qlu
Peptide A Ser Lys Arg lie Ser lie Asn Gin Asp Leu Lys Ala He Thr Asp Met Leu Leu Thr Glu
hQRFC30-37)  Gin Asn Gly Glu
hCRF(24-41)   Ala Qlu Gin Gly Val Gin Gin Ala Met
-Mgrp------------------------------------1
sMCH Leu Thr Leu Asp Arg Arg Glu ,,, Ala Asp Gin Asp Leu Ser Pro Ser He Ser He Val
<* • '  © « •  « 1 p -----------■---------NEI
rMCH Ser Thr Gin Glu L^ s Arg Glu He Gly Asp Glu Glu Asn Ser Ala Lys Phe Pro He Gly
Peptide A Gin He Gin Ala Arg Arg Arg Cys Leu Asp Ala Leu Arg Gin Arg Leu Leu Asp Leu Gly
hGRF(30-37) Ser Asn Gin Glu
hCRF(24-41) Ser Asn Arg Lys Lys Met He He He
MCH-
sMCH Arg Arg............ Asp............. Thr Met Arg Cys Met Val Gly Arg Val Tyr Arg Pro Cys
|   — MOf :•......... — — ------------
rMCH Arg Arg Asp Phe Asp ............ Met Leu Arg Cys Met Leu Gly Arg Val Tyr Arg Pro Cys
Aplysia PepA Lys Arg Asp Ser Asp Val Ser Leu Phe Asn Gly Asp Leu Leu Pro Asn Gly Arg Pro Gin
sMCH Tr.p. Glu Val
 “1
rMCH Trp Gin Val t   Tyr Leu Leu Val
Peptide A Leu Lys Thr He Ser Asn Leu Leu Asp t
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reg io n  term ed Mgrp in  th e  salm on. These p u ta t iv e  p e p tid e s  d isp la y  on ly  30% 
hom ologies. Nahon e t  al., (1989) have proposed  th a t  i t  i s  th e  C -term inus 
o f  NEI fragm ent which i s  am idated  and re s p o n s ib le  fo r  th e  c ro s s - r e a c t io n  
w ith  aMSH a n t is e r a .  Based on th e  r e s u l t s  o f im m unocytochem istry, NEI <or 
Mgrp) a re  p robab ly  am idated in  th e  r a t ,  am phibia, carp , d o g fish  and 
in s e c ts  bu t n o t in  th e  e e l, t r o u t  o r  human.
1.4. ACTION OF MCH ON MELANOPHORES
MCH can be d em o n stra ted  to  c o n c e n tra te  th e  m elanophores o f  a l l  t e l e o s t  
s p e c ie s  so  f a r  s tu d ie d  in vitro . Normally t h i s  e f f e c t  i s  seen  w ith in  th e  
range 10~9 to  10~12 M a lth o u g h  th e  s e n s i t iv i ty  o f  d i f f e r e n t  sp e c ie s  
v a rie s , th e  Chinese g ra s s  c a rp  being  ex trem ely  s e n s i t iv e  (ECBo 6X 10-11 M> 
bu t i t  i s  s u rp a s se d  only by th e  e e l  Synbranchus a t  10” 11 M. S t ru c tu re -  
a c t iv i ty  s tu d ie s  by v a rio u s  g ro u p s (Baker e t  al., 1985; Hadley e t  al., 1988; 
Kawazoe e t  al., 1987) d em o n stra te  th a t  th e  m olecu le  has to  r e t a in  i t s  
d isu lp h id e  b rid g e  fo r  i t  to  rem ain  h ig h ly  b io a c tiv e . The T yr11 a s  w e ll a s  
th e  th re e  A rg (4,9,12) r e s id u e s  a re  a ls o  re q u ire d  fo r  f u l l  b io lo g ic a l  
a c t iv i ty  to  be re ta in e d . I f  th e  T rp1 s i s  m odified  o r th e  Met3 and M et6 a re  
ox id ised , b io a c t iv i ty  i s  im paired  to  a  much sm a lle r  d e g re e  (Kawazoe e t  al.,
1987). R ecent work, however, by M atsunaga e t  al., (1989) u sin g  Synbranchus 
m elanophores su g g e s t th a t  th e  T rp15 re s id u e  i s  th e  c ru c ia l  one fo r  
r e ta in in g  f u l l  b io a c t iv i ty  and th ey  claim  th a t  th e  fragm ent MCH5_ 15 i s  th e  
m inimal fragm ent analogue w ith  f u l l  potency. The same w orkers a ls o  claim  
th a t  th e  MCH5_ 14 was th e  m inim al r in g  s t r u c tu r e  to  r e t a in  f u l l  i n t r in s i c  
a c t iv i ty  a lth o u g h  i t  had only  0.1% potency. C o n trac ted  r in g  frag m en ts  
CCys1 °3MCH,0-i7  and CCys8lMCH8_ 17 r e ta in e d  weak b u t a ls o  f u l l  a g o n is t  
a c tiv ity .  T h is i s  c o n tra d ic to ry  to  th e  r e s u l t s  o f  6ome o th e r  w orkers (e.g. 
Kawazoe e t  a l 1987) bu t may be due to  sp e c ie s  s e n s i t iv i ty  d if fe re n c e s .
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MCH i s  capab le  o f a n ta g o n is in g  th e  a c tio n  o f  aMSH on m elanophores in v i tr o  
but i t s  a b i l i t y  to  do so  v a r ie s  in  d i f f e r e n t  s p e c ie s  (Baker 1988b). Of th e  
th r e e  s p e c ie s  s tu d ie d , th e  C hinese g ra s s  carp , th e  rainbow  t r o u t  and th e  
e e l, th e  ca rp  showed a s te e p e r  dose  re sp o n se  cu rv e  to  aMSH th an  MCH, bu t 
in  th e  t r o u t  th e  o p p o s ite  was t ru e .  In th e  e e l, b o th  cu rv e s  w ere shallow , 
so  th e  hormone s e c re t io n  s t r a te g y  re q u ire d  in  o rd e r  to  ach iev e  c e r ta in  
co lou r changes must vary  w ith  th e  sp e c ie s  involved .
MCH a ls o  h as  a p ig m e n t-c o n c e n tra tin g  e f f e c t  on o th e r  ty p e s  o f 
chrom atophores which no rm ally  respond  to  aMSH w ith  pigm ent d isp e rs io n , 
such  a s  xan thopho res (medaka) and e ry th ro p h o re s  ( p la ty f is h ,  s w o rd ta il)  
(F u jii and Oshima, 1986). Leucophores, however, resp o n d  only  w ith  d is p e r s io n  
to  e i th e r  hormone, th e  h igh  c o n c e n tra tio n s  o f  MCH re q u ire d  to  e l i c i t  a 
re sp o n se  in d ic a tin g  th a t  i t  may be hav ing  i t s  e f f e c t  v ia  th e  aMSH 
re c e p to r s  (Oshima e t  a l 1986).
The mode o f a c tio n  o f MCH on m elanophores in v o lv e s  in te r a c t io n  w ith  i t s  
own s p e c if ic  re c e p to rs . In c o n tr a s t  to  s t im u la tio n  by aMSH , s t im u la tio n  o f 
th e s e  r e c e p to r s  i s  independen t o f  e x te r n a l  calc ium  (Oshima e t  al., 1986). 
MCH does n o t a c t w ith  th e  a -  o r  0 -a d re n o re c e p to rs , s in c e  phen to lam ine  and 
p ro p ra n o lo l have no a n ta g o n is t ic  e f f e c t  (Ranee and Baker, 1979). T here  i s  
some ev idence  th a t  fo rs k o lin  a n ta g o n is e s  th e  re s p o n s e  o f m elanophores to  
MCH (Baker, 1988a), aMSH c a u se s  m elanin d is p e r s io n  by s t im u la t in g  cAMP 
p roduction . However, re c e n t work w ith  Synbranchus marmoratus s u g g e s ts  th a t  
MCH i s  u s in g  d ia c y lg ly c e ro l  (DAG) as i t s  i n t r a c e l lu l a r  second m essenger 
(AbrSo e t al., 1989). I t  i s  in t r ig u in g  to  n o te  t h a t  th e  re sp o n se  o f 
m elanophores to  MCH i s  se en  more ra p id ly  th a n  th e  re sp o n se  to  aMSH, 
s u g g e s tin g  th a t  th e  second m essenger sy stem  o f  MCH may be i n i t i a t e d  more 
ra p id ly  th a t  o f  aMSH (Kawauchi e t  al., 1983).
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At p harm aco log ica l doses i t  seem s th a t  MCH may s t im u la te  th e  aMSH- 
r e c e p to r  on th e  f is h  m elanophore, which h as  been term ed  au to -a n ta g o n ism  
(Hadley e t  al., 1988). In te t r a p o d s  MCH has no c o n c e n tra t in g  e f f e c t  b u t a t  
h igh  d o se s  MCH w ill  a p p a re n tly  b ind n o n - s p e c if ic a l ly  to  th e  aM SH -receptor 
in  am phibian and r e p t i l e  m elanophores c au sin g  m elan in  d isp e rs io n  (Baker, 
E b e rle  e t  al,, 1985; W ilkes e t al., 1984; Oshima e t  a l., 1986; Hadley e t  a l
1988). The same may be s a id  fo r  th e  M C H -stim ulated ty ro s in a s e  a c t i v i t y  
r e p o r te d  in  B16 mouse melanoma c e l l s  (Baker e t  al., 1985)
1.5. EFFECT OF MCH ON THE PITUITARY
MCH a c ts  n o t only a t  th e  m elanophore le v e l  bu t a ls o  a t  th e  p i tu i t a r y  le v e l. 
Baker e t  a l (1986) im planted  t r o u t  w ith  a lz e t  minipumps c o n ta in in g  MCH 
which w ere th en  kept on a b lack  background. The im p lan ted  f is h  in  b lack  
ta n k s  became pale , t h e i r  sk in  m elanin  co n te n t f a i le d  to  in c re a s e , and t h e i r  
p lasm a ocMSH c o n c e n tra tio n  was low compared w ith  b la c k -a d a p te d  c o n tro ls , 
s u g g e s tin g  a re d u c tio n  o f  aMSH r e le a s e .  The red u ced  sk in  m elanin c o n te n t 
may no t be due to  a d i re c t  a c tio n  o f MCH on m elan o g en esis  o r o f  m elanin  
d e g ra d a tio n  bu t could be an in d ir e c t  r e s u l t  o f  th e  d e p re s s io n  o f aMSH 
s e c r e t io n  to  le v e ls  found in  w h ite -a d a p te d  f is h . The in h ib i to ry  e f f e c t  o f 
MCH on aMSH re le a s e  was confirm ed by B arber e t  al. (1987), who showed th a t  
a f t e r  th e  a d d it io n  o f  MCH a n tise ru m  to  in cu b a tio n  medium, p i t u i t a r i e s  were 
a b le  to  r e le a s e  more aMSH th an  th o se  in cu b a ted  w ith o u t anti-MCH.
The hormone h as  o th e r  e f f e c t s  on th e  p i tu i t a r y  a p a r t  from i t s  a c tio n  on 
aMSH re le a s e .  I t  seems to  be invo lved  in  th e  r e l e a s e  o f  a n o th e r  POMC 
p e p tid e , nam ely b io a c tiv e  ACTH. In  1981 Baker and Ranee observed  th a t  th e  
p lasm a c o r t i s o l  le v e ls  o f  w h ite  adap ted  t r o u t  w ere low er th an  th o se  o f 
b lack  ad ap ted  f ish . F u r th e r  e x p e rim e n ta tio n  showed th a t  a lth o u g h  b a s a l  
c o r t i s o l  t i t r e s  were th e  same in  f is h  on b lack  o r  w h ite  backgrounds, b lac k -
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plasm a c o r t i s o l  le v e ls  o f  w h ite  adap ted  t r o u t  w ere low er th an  th o se  o f  
b lack  ad ap ted  f ish . F u r th e r  e x p e rim en ta tio n  showed th a t  a lth o u g h  b a sa l  
c o r t i s o l  t i t r e s  were th e  same in  f is h  on b lack  o r w h ite  backgrounds, b lack -
-  1 4 -
Chapter 1
ad ap ted  f is h  have h ig h e r  p lasm a c o r t i s o l  le v e ls  under c o n d itio n s  o f 
m oderate s t r e s s .  M oreover, c o r t i s o l  t i t r e s  w ere le s s  r e a d i ly  blocked by 
dexam ethasone in  s t r e s s e d ,  b la c k -a d a p te d  f is h  th an  th o se  o f w h ite  adap ted  
f is h  (Gilham and Baker, 1985). On th e  o th e r  hand, P ickering  e t  al. (1986) 
were unab le  to  r e p e a t  th e s e  o b se rv a tio n s . T h is may r e f l e c t  a  d i f f e re n c e  
in  th e  le v e ls  o f  s t r e s s  u sed  in  th e  two la b o ra to r ie s .  F u r th e r  
in v e s t ig a t io n s  by Baker e t  al. <1985) re v e a le d  th a t  th e  th e  sp o n tan eo u s  in 
v itr o  r e le a s e  o f  ACTH from p i t u i t a r i e s  taken  from b lac k -ad a p te d  f is h  was 
h ig h e r  th a t  th a t  from w h ite -a d a p te d  ones. The q u e s tio n  th en  a ro se : was i t  
MCH th a t  was in h ib i t in g  th e  r e l e a s e  o f  ACTH in  th e  w h ite -a d a p te d  f is h , 
th u s  cau sin g  th e  d if fe re n c e  in  ACTH s e c re tio n ?  I f  th e  p i t u i t a r i e s  were 
in cu b a ted  in  v itro  w ith  d i f f e r e n t  c o n c e n tra tio n s  o f  MCH, i t  could  be shown 
to  in h ib i t  ACTH r e le a s e  in  a  d o se -d ep en d en t m anner (Baker e t  al., 1985) in  
th e  ran g e  10-10 to  10~7 M. MCH was a ls o  shown to  in h ib i t  C R F-stim ulated  
ACTH r e le a s e  from PDs in v i tr o  in  th e  c o n c e n tra tio n  ran g e  10~l ° to  10"11 
M. S im ila r e f f e c t s  w ere seen  w ith  r a t  p i t u i t a r i e s  a lth o u g h  th e  
c o n c e n tra tio n  o f MCH re q u ire d  was v e ry  much h ig h e r  <10"a M), p o ss ib ly  
because r a t  MCH re c e p to r s  may n o t re c o g n ise  salm onid  MCH very  w ell.
Kawauchi e t  al., <1986), have shown th a t  in tra v e n o u s  in je c tio n s  o f  n a tu r a l  
o r  s y n th e t ic  salm onid MCH (440 |ig /kg) w i l l  s t im u la te  th e  r e le a s e  o f  grow th  
hormone in  10 week o ld  m ale W is ta r r a t s .  The re sp o n se  became ap p a ren t 
a f t e r  one hour and p e r s i s te d  f o r  s e v e ra l  h o u rs , th u s  a c tin g  v ia  a 
d i f f e r e n t  mechanism to  GHRF which h a s  a  very  ra p id  e f f e c t .  There i s  
p r a c t ic a l ly  no ev idence  fo r  th e  e f f e c t  o f MCH on th e  CNS in  mammals 
because very  l i t t l e  work h a s  been done in  t h i s  a re a . One r e le v a n t  
o b se rv a tio n  by Zamir e t  al. (1986) showed th a t  th e  MCH c o n c e n tra tio n  in  
th e  l a t e r a l  hypothalam us i s  in c re a s e d  in  r a t s  g iv en  2% s a l in e  a s  d rin k in g  
w a te r over 5 days. These w orkers p o in t o u t th a t  le s io n s  in  th e  a re a s  known
-  1 5 -
Chapter 1
to  be r ic h  in  MCH c e l l  b o d ies  have been a s s o c ia te d  w ith  d is ru p te d  e a tin g  
and d r in k in g  behav iour, bu t d i r e c t  ev idence o f  a r o le  fo r  MCH in  t h i s  
a c t i v i t y  h a s  n o t been p rovided . De Graan e t  a l., (see  E berle , 1988) r e p o r te d  
t h a t  MCH w il l  p a r t i a l ly  a n ta g o n ise  th e  groom ing re s p o n s e  to  aMSH in  r a t s ,  
i f  in je c te d  icv . S ince th e  MCH f ib r e s  ex tend  to  many re g io n s  o f  th e  b ra in  
i t  may have a neu rom odu la to ry  r o le  in  many d i f f e r e n t  fu n c t io n s  a s  y e t 
undeterm ined .
C H A P T E R  2  
M A T E R I A L S  AMD M E T H O D S
T his c h a p te r  d e a ls  w ith  m a te r ia ls  and m ethods which a re  common to  a l l  
c h a p te rs . T rea tm en ts  a p p lic a b le  to  s p e c i f ic  s e c t io n s  o f  th e  work a re  
d e sc rib ed  under th e  a p p ro p r ia te  ch a p te r.
2.1. FISH
F in g e rlin g s  (about 6 m onths, 10-50g> and a d u lt  (1+) t r o u t  (150-250g) were 
ob ta in ed  from A lder ley  T rou t Farm, W otton-U nder-Edge, G lo u c e s te rsh ire , 
Some t r o u t  were a ls o  o b ta in e d  from Rainbow T rou t Farm, L ongbridge 
D everill, W arm inster, W iltsh ire . At th e  A ld erley  s i t e  f is h  were kep t 
o u td o o rs  in  la rg e  ta n k s  a t  a  s to c k in g  d e n s ity  o f 1.5 kg f is h /m 3. At 
W arm inster, f is h  were kep t in d o o rs  under a  v a r ia b le  pho toperiod  o f  dim 
a r t i f i c i a l  l ig h t  which was app ro x im ate ly  9h L: 15h D. They were k ep t in  
tan k s  o f 5 m3 c o n ta in in g  200 kg f is h  <= 40 kg f ish /m 3 ). These f is h  were 
c o n s is te n t ly  d a rk e r th an  th e  t r o u t  from A lderley .
2.2. UNIVERSITY AQUARIUM CONDITIONS
Fish  w ere m ain ta ined  in  b lack  o r w hite  2501 f ib r e g la s s  ta n k s  in  
con tinuous flow ing  ta p  w a te r, (lOOml/min), a t  11* under a p h o to p erio d  o f 
16h L : 8h D u n le s s  o th e rw ise  s ta te d .  A ll f is h  w ere adap ted  to  aquarium  
c o n d itio n s  fo r  a t  l e a s t  a week b e fo re  use. A dult f is h  w ere no t fed , bu t 
f in g e r l in g s  w ere m ain ta in ed  on a d ie t  o f  com m ercial t r o u t  p e l l e t s  a t  th e  
m an u fac tu re rs  recommended r a te .
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Fish  were a n a e s th e t is e d  in  phenoxyethanol (d ilu te d  1 : 1667 v /v ) o r
benzocaine (d ilu te d  1 : 1200 w/v, se e  C hapter 3) o r  s tu n n ed  w ith  a blow 
to  th e  head b e fo re  b leed in g . They were b led  from th e  cau d a l ve in  in to  ic e  
cold 4 mi po lypropy lene  tu b e s  c o n ta in in g  50pi 6% EDTA (w/v) and 2500 KIU 
A pro tin in  a s  in h ib i to r .  The blood sam ples w ere th en  c e n tr ifu g e d  a t  2000xg 
fo r  15 min, and th e  plasm a was s to re d  a t  -20*  in  th e  a p p ro p r ia te  volum es 
acco rd ing  to  ty p e  o f  RIA.
2.4. PLASMA EXTRACTIONS
Plasma NPP-1 m easurem ents d id  no t re q u ire  any e x tr a c t io n  o f  th e  plasm a 
p r io r  to  a ssay . MCH c o n c e n tra tio n s  in  th e  plasm a w ere de te rm ined  u s in g  
th e  s o lid  phase method which does no t r e q u ire  e x tr a c t io n  s te p s .
2.4.1. aMSH
M easurem ents d id  r e q u ir e  e x tr a c t io n  o f plasm a sam ples b e fo re  RIA. The 
method used  was th a t  o f  W ilson and Morgan (1979). B rie f ly , th e  p ro ced u re  
was a s  fo llow s:
(a) Plasm a sam ples o f  500 p i  were a c id if ie d  w ith  200 p i 0.4  M HC1 
b e fo re  th e  a d d it io n  o f  1 mi d i s t i l l e d  w a te r  c o n ta in in g  50 mg 
F lo r i s i l  (100 mesh, Sigma).
(b) Tubes were tum ble-m ixed  on a s tu a r t  r o ta t o r  (30 rpm, 4*, 30 min)
(c) Tubes were c e n tr ifu g e d  (1500*g, 4*, 15 min) and th e  s u p e rn a ta n t 
d iscarded .
(d) P e l le t  was resu sp en d ed  and washed tw ice  w ith  2 ml 0.4 M HC1 and 
th e  s u p e rn a ta n t d isc a rd e d  each tim e.
(e) The p e l le t  was washed tw ice  w ith  2 mi d i s t i l l e d  w a te r  and th e  
su p e rn a ta n t d isc a rd ed .
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( f)  th e  p e l l e t  was resu sp en d ed  In 1 ml o f th e  e lu t io n  so lv e n t
p rep a re d  a s  fo llow s: 100ml EtOH
150ml Ammonia 88 
47.8mg EDTA 
5.86m! M ercap toethano l 
The e lu t io n  so lv e n t was made up f re s h  fo r  each  e x tra c tio n , 
th e  tu b e s  were tum ble mixed fo r  30 min a t  4* and 30 rpm.
(g) The tu b e s  were c e n tr ifu g e d  <3000xg, 4*, 15 min) and th e
s u p e rn a ta n t  t r a n s f e r r e d  to  f re s h  tu b e s  c o n ta in in g  20 pg polypep 
(Sigma).
(h) Tube c o n te n ts  w ere d r ie d  under vacuum o v e rn ig h t.
( i)  D ried sam ples were resu sp en d ed  in  250 p ! 0.05 M phosphate  b u f fe r ,
pH 7.5 c o n ta in in g  0.8 % NaCI and 0.1 % g e la t in e  (PBSG) p r io r  to
a ssa y  and l e f t  to  s ta n d  a t  4* fo r  30 min b e fo re  use  in  RIA, u s in g
lOOp! p e r  a ssay  tu b e .
2.4.2. C ortiso l
M easurem ent in  plasm a re q u ire d  e x tr a c t io n  in  e th a n o l to  p r e c ip i ta te  th e  
c a r r ie r  p ro te in s  and l ib e r a t e  th e  s te r o id  b e fo re  a ssa y .
(a) 5 -1 0  p i  o f  plasm a was used  per tu b e  in  d u p lic a te
(b) 250 p ! EtOH was added to  each tu b e  which was th en  vo rtexed .
<c) R epeat (b>
(d) Tube c o n te n ts  were d r ie d  under vacuum.
<e) C o n ten ts  were re su sp en d ed  in  100 p i  PBSG fo r  RIA.
2.5. RADIOIMMUNOASSAYS
Since m ost o f  th e  d a ta  r e p o r te d  in  th is  th e s i s  invo lve  m easurem ent by
radioim m unoassay, a b r ie f  c o n s id e ra tio n  o f  th e  tech n iq u e  and i t s  
l im ita t io n s  i s  a p p ro p r ia te . The use  o f s a tu r a t io n  a n a ly s is  tech n iq u es ,
which in c lu d e  radioim m unoassay (RIA), p ro te in  b ind ing  a s sa y s  and
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r a d io re c e p to r  a s s a y s  h a s  had a marked im pact on endocrino logy  over th e  
l a s t  20 y e a rs . The m ethod a llow s th e  s p e c i f ic  m easurem ent o f b io lo g ic a lly  
a c t iv e  compounds even when p re s e n t in  ex trem e ly  low c o n c e n tra tio n s . 
S a tu ra t io n  a n a ly s is  tec h n iq u es , though f a r  more s e n s i t iv e  th a n  th e  
b io a s s a y s  which p receeded  th e i r  developm ent, p o ss e s s  th e  m ajor 
d isa d v a n ta g e  th a t  th e y  m easure  im m unoactiv ity , n o t b io a c t iv i ty .  T h is 
becomes im p o rta n t in  th e  p re se n c e  o f  abundan t b io lo g ic a l ly  in a c t iv e  
hormone frag m en ts  (bo th  p re c u rs o r  and breakdown p ro d u c ts )  in  th e  plasm a 
and t i s s u e  e x t r a c t s .  By m easuring  b io lo g ic a l ly  i n e r t  frag m en ts , RIA may 
g iv e  m is lea d in g  r e s u l t s .  T h e re fo re , th e  e p ito p e  a g a in s t  which th e  an tib o d y  
i s  d i re c te d  i s  o f prim e im portance.
The g e n e ra l  p r in c ip le  o f  RIA i s  th a t  an unknown c o n c e n tra tio n  o f  th e  
su b s ta n c e  under in v e s t ig a t io n  ( th e  sam ple) i s  mixed w ith  a  known 
c o n c e n tra tio n  o f  th e  s y n th e t ic  compound. The s y n th e t ic  compound i s  
d is t in g u is h a b le  from  th e  n a tu r a l  compound by la b e l l in g  w ith  a r a d io a c t iv e  
iso to p e . T h is  may be ach ieved  by a d d it io n  to  o r  in c o rp o ra tio n  in to  th e  
m olecule. A fix ed  amount o f  an tib o d y  i s  added to  t h i s  m ix tu re . The amount 
o f an tib o d y  added sho u ld  be s u f f i c i e n t  to  b ind to  on ly  a f r a c t io n  o f  th e  
su b s ta n c e s  in  th e  a ssa y . I t  i s  very  im p o rta n t th a t  th e  an tib o d y  
re c o g n ise s  bo th  th e  n a tu r a l  s u b s ta n c e  and th e  la b e l le d  s y n th e t ic  compound 
e q u a lly  w ell. The m ix tu re  i s  th en  l e f t  so  t h a t  th e  m olecu les can com pete 
e q u a lly  fo r  th e  an tib o d y  b in d in g  s i t e s .  Once t h i s  i s  done th e  m olecu les 
th a t  have bound to  th e  an tib o d y  a re  s e p a ra te d  from  th e  unbound m olecu les. 
The c o n c e n tra tio n  o f th e  r a d io a c t iv e ly  la b e l le d  compound in  e i t h e r  
an tib o d y  bound o r  f r e e  f r a c t io n  can be m easured  by co u n tin g . I f  th e r e  i s  
a h igh  c o n c e n tra tio n  o f  th e  n a tu r a l  su b s ta n c e  in  th e  sam ple th e r e  w i l l  be 
p ro p o r t io n a l ly  l e s s  r a d io a c t iv e ly  la b e l le d  compound bound to  th e  an tibody . 
T his can be q u a n tif ie d  by s e t t in g  up a  s ta n d a rd  curve. A s e r i e s  o f
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in c re a s in g  c o n c e n tra tio n s  o f  u n la b e lle d  compound a re  a llow ed to  com pete 
fo r  an tibody  s i t e s  w ith  ra d io a c t iv e ly  la b e lle d  s y n th e t ic  compound. In t h i s  
way, s in c e  a l l  th e  c o n c e n tra tio n s  a re  known, th e  d e c re a se  in  b ind ing  o f 
th e  ra d io a c t iv e  su b s ta n c e  can be p lo tte d . I f  i t  i s  assum ed th a t  th e  
n a tu r a l  su b s ta n c e  behaves in  th e  same way a s  th e  s y n th e t ic  non­
ra d io a c t iv e  compound th e  c o n c e n tra tio n  o f  th e  sam ple can be re a d  o f f  th e  
s ta n d a rd  curve.
The an tibody  i s  c h a ra c te r is e d  by i t s  t i t r e  and i t s  s p e c i f ic i ty .  The t i t r e  
o f an an tib o d y  i s  th e  amount o f an tibody  th a t  w i l l  bind to  50% o f th e  
t r a c e r ,  ( th e  la b e lle d  compound). In e f f e c t ,  th e  t i t r e  o f th e  a n tib o d y  i s  
th e  d i lu t io n  a t  which i t  i s  u sed  in  th e  a ssa y  tu b e . The s p e c i f ic i ty  o f  th e  
an tibody  i s  determ ined  by d isp lacem en t s tu d ie s ,  w here i t s  c ro s s  r e a c tio n  
w ith  o th e r  su b s ta n c e s  i s  m easured. The le s s  c r o s s r e a c t iv i ty  th e re  i s  
betw een th e  an tibody  and o th e r  su b s ta n c e s , th e  h ig h e r  th e  s p e c i f ic i ty  th e  
an tibody  i s  s a id  to  have, and th e  more v a lu a b le  i t  i s  fo r  u se  in  RIA.
The v a l id i ty  o f th e  RIA depends on th e  assum ption  th a t  th e  s ta n d a rd  and 
th e  sam ple compound a re  id e n t ic a l  and th a t  they  com pete e q u a lly  fo r  th e  
b inding  s i t e s  on th e  an tibody . To t e s t  t h i s  assum ption  a s ta n d a rd  cu rv e  
i s  compared to  a th e  d i lu t io n  curve d i lu t io n  o f th e  t e s t  su b s ta n c e . I f  th e  
two cu rv es  a re  p a ra l le l ,  th e  a ssa y  i s  v a lid .
In choosing an iso to p e  fo r  th e  la b e lle d  compound, th e  s u i t a b le  cho ice  
shou ld  comply w ith s e v e ra l  re q u ire m e n ts  :
1. The c o n c e n tra tio n  o f la b e l  shou ld  be e a s i ly  d e te c te d  by a s u i t a b le
coun ting  system .
- 2 2 -
Chapter 2
2. The h a l f - l i f e  o f th e  la b e l  shou ld  not be so  s h o r t  t h a t  i t  re d u c e s
th e  s to ra g e  tim e o f th e  la b e l le d  m a te r ia l  to  an uneconom ical and 
unm anageable tim e.
3. The la b e lle d  p roduct shou ld  n o t be damaged in  th e  r a d io la b e l l in g
p rocedure  such  th a t  i t  i s  unab le  to  com pete a d e q u a te ly  w ith  th e  
sam ple fo r  an tibody  b ind ing  s i t e s .
A f te r  e q u il ib r a t io n  th e  bound and unbound f r a c t io n s  m ust be se p a ra te d . 
S e v e ra l d i f f e r e n t  s e p a ra tio n  m ethods a re  a v a ila b le . A cheap and easy  
method i s  th a t  u s in g  d e x tra n -c o a te d  c h a rc o a l which s e le c t iv e ly  b inds th e  
f r e e  f ra c tio n , ie  th o se  m o lecu les n o t a tta c h e d  to  th e  an tibody . The 
d e x tra n  component red u c e s  th e  o v e ra l l  a v id i ty  o f  th e  ch a rco a l. T h is 
method does no t work w ell i f  th e  a ssa y  b u f fe r  c o n ta in s  th e  d e te rg e n t  
T r ito n  X-100. An a l t e r n a t iv e  m ethod o f  s e p a ra tio n  in v o lv es  th e  s e le c t iv e  
p r e c ip i ta t io n  o f th e  bound f r a c t io n  which may be ach ieved  by s e v e ra l  
d i f f e r e n t  means. I f  th e  c o n d itio n s  in  th e  in c u b a tio n  m ix tu re  a re  changed 
such  th a t  a la rg e  im m unoglobulin ( th e  an tib o d y ) w il l  be l ik e ly  to  
p r e c ip i ta te  ou t, th e  bound f r a c t io n  w il l  be e f f e c t iv e ly  is o la te d . One 
su b s ta n c e  used  in  th e  p re se n t work which w il l  induce th e  p r e c ip i ta t io n  o f 
th e  an tib o d y  complex i s  P o ly e th y len e  G lycol (PEG). O ther s u b s ta n c e s  th a t  
in  th e  r ig h t  c o n d itio n s  w il l  c a u se  th e  p r e c ip i ta t io n  o f  th e  bound f r a c t io n  
a re  e th a n o l, dioxan, sodium su lp h a te , ammonium s u lp h a te  and 
t r i c h lo r o a c e t ic  acid . The most w idely  used  s e p a ra tio n  m ethod in v o lv es  th e  
u se  o f a  second an tibody  which s e le c t iv e ly  b inds to  th e  f i r s t  an tibody  
and c a u se s  p re c ip i ta t io n  o f  th e  a n tig e n -a n tib o d y  complex. T his m ethod 
in v o lv es  a second in cu b a tio n  s te p  and i s  expensive  a lth o u g h  i t  i s  h ig h ly  
s e n s i t iv e .  A fo u r th  method i s  to  b ind  th e  an tib o d y  befo rehand  to  an 
in so lu b le  m atrix  (eg Sepharose, c e llu lo s e ) . A ssays u s in g  t h i s  tec h n iq u e  
a re  known a s  Solid  Phase RIA. In  t h i s  m ethod no s te p s  a re  re q u ire d  to
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s e p a r a te  th e  bound and unbound f ra c tio n s  a p a r t  from c e n tr ifu g a t io n  and 
d e c a n ta tio n . A f u r th e r  advan tage  i s  th a t  th e  a n tig e n  may be m easured 
d i r e c t ly  in  th e  plasm a w ithou t e x tra c t io n  s te p s . The s o lid  phase  an tib o d y  
e f f e c t iv e ly  e x t r a c t s  th e  su b s ta n c e  from th e  plasm a which i s  th en  rem oved 
by w ashing. The la b e l  i s  added a f t e r  t h i s  w ashing s te p  and b inds to  th e  
unoccupied  s i t e s  o f th e  immunobeads.
2 .5 .1 . P re p a ra tio n  and s to r a g e  o f  s ta n d a rd s
2.5 .1 .1 . MCH was o b ta in ed  from P en in su la  L a b o ra to r ie s  (Richmond, C a lif .)  
and a  1*10~5 M s o lu t io n  p rep a red  in  0.1 M HC1 w ith  1% BSA and s to r e d  a t  
-40*. T h is  s o lu t io n  was th en  d i lu te d  *100 fo ld  w ith  0.05 M pho sp h a te  
b u f fe re d  s a l in e  (PBSG) c o n ta in in g  1 % BSA (pH 7 .4 ) to  g iv e  a 10~7 M 
s o lu t io n . A second d i lu t io n  s te p  produced th e  f in a l  c o n c e n tra tio n  o f  4 
ng/m l which was th en  a liq u o tte d  ou t in  500 p i volum es and s to re d  a t  -20*. 
The d i lu e n t  s o lu tio n  (10~7 M) was a ls o  fro zen  and new b a tc h e s  o f 
s ta n d a rd s  p rep a re d  a s  re q u ire d . T h is p ro ced u re  gave a h igh d eg ree  o f 
r e p r o d u c ib i l i ty  in  s ta n d a rd  p re p a ra tio n .
2.5 .1 .2 . aMSH was o b ta in ed  from  Sigma and a 10"s M c o n c e n tra te  p rep a red , 
d i lu te d  and s to re d  a s  in  (1.) above.
2.5 .1 .3 . NPP-1 P u r if ie d  salm onid  NPP-1 was a  g i f t  from P ro f H Kawauchi. I t  
was d i lu te d  in  a s sa y  b u f fe r  A (0.05 M PBS, 1% BSA, 0.1% T r ito n  X-100, 0.1% 
NaN3, pH 7 .3 ) in  500 p i  a l iq u o ts  in  th e  c o n c e n tra tio n  4 n g /  100 p i. 
S ta n d a rd s  w ere s to re d  a t  -20*.
2 .5 .1 .4 . C o r t is o l  was o b ta in e d  from Sigma and a c o n c e n tra te d  s to c k  o f 
12 n g / 10 p i  e th a n o l was p rep ared . T h is  was d i lu te d  *7.5 to  g iv e  th e  
h ig h e s t  s ta n d a rd  o f  1600 p g / 10 p i which was in  tu rn  s e r i a l l y  d i lu te d  to  
g iv e  th e  ran g e  12.5 -  1600 p g / lOpl. S ta n d ard s  w ere s to re d  a t  -20*.
- 2 4 -
Chapter 2
2.5.2. Io d ln a t lo n  o f  p e p tid e s  fo r  RIA
Two d i f f e r e n t  m ethods w ere employed. That used  in  th e  p re p a ra tio n  o f 
la b e lle d  MCH and aMSH, in v o lv es  th e  o x id a tio n  o f  ty ro s in e  r e s id u e s  in  th e  
p e p tid e  by r e a c tin g  i t  w ith  Chloram ine-T  fo r  a  s h o r t  tim e th e re b y  
a tta c h in g  125I to  th e  m olecule by an o x id a tio n  re a c tio n . I f  th e  r e a c t io n  
i s  a llow ed  to  p roceed  fo r  to o  long, th e  p e p tid e  may be damaged by 
o x id a tio n  and w ill  n o t com pete e f f e c t iv e ly  w ith  u n la b e lle d  hormone fo r  
th e  b in d in g  s i t e s  on th e  an tibody; th e  a ssa y  e f f ic ie n c y  w il l  th en  be 
a f fe c te d . The method i s  d e sc r ib e d  in  th e  Appendix.
The io d ln a tlo n  method used  fo r  th e  io d in a tio n  o f  NPP-1 (N- te rm in a l
p e p tid e  o f  p ro -o p io m e lan o c o rtin )  was th a t  o f  T akahash i e t  al. (1987) u s in g  
a s l ig h t ly  m odified  v e rs io n  o f  th e  la c to p e ro x id a se  method o f T h o re ll  and 
Johansson  (1971). R elevan t d e ta i l s  a re  a ls o  g iv en  in  th e  Appendix.
2.5.3. RIA in v o lv in g  c h a rc o a l s e p a ra tio n  o f  f re e /b o u n d  a n tig e n
T his RIA m ethod was used  to  m easure aMSH in p lasm a e x t r a c t s  a s  w e ll  a s
MCH in t i s s u e  e x t r a c t s  and in cu b a tio n  media. The b u f fe r  u sed  th ro u g h o u t
was 0.05 M p h osphate  b u ffe re d  s a l in e  w ith  0.1 % g e la t in e  (PBSG). A ll
s o lu t io n s  and sam ples w ere k ep t on ic e  d u rin g  p re p a ra tio n  o f  th e  RIA.
The ty p ic a l  a s sa y  p ro ced u re  w as a s  fo llow s:
Day 1
1. T e s t sam ples w ere added to  a s sa y  tu b e s  (4 ml, p o ly p ro p y len e) in  
100 p i  volumes, w ith  d i lu t io n s  made a s  r e q u ir e d  w ith  PBSG
2. The s to re d  s ta n d a rd  (400 p g / 100 p i)  was thaw ed, s e r i a l l y  d i lu te d
and 100 added to  th e  a p p ro p r ia te  tu b e s  in  th e  ran g e  3.1 -  
400 p g / 100 pi.






An in te r n a l  s ta n d a rd  was p rep a red  from an ac id  e x tra c te d  t ro u t  
p i tu i ta r y  which was d i lu te d  to  app rox im ate ly  50 p g / 100 p i, s to re d  
in  a l iq u o ts  and used a s  100 p i /  tu b e . The in t r a - a s s a y  v a r ia t io n s  
were: (a) MCH 6 %, (b) aMSH 6.9 %\ i n te r - a s s a y  v a r ia t io n s  were
(a) MCH 5.5 %t (b) aMSH 10.1 %
The a n tib o d ie s  used in  th e  a ssay  were:
A. Anti-MCH: a g i f t  from Dr A N E berle , used  a t  a d i lu t io n  o f 
1 : 60 000 in  a ssay  b u ffe r .
B. Anti-aMSH: th e  Bath U n iv e rs ity  an tibody  d e s ig n a te d  R6FB ( ra ise d  
by Dr T Bowley), used  a t  th e  same d i lu t io n  a s  fo r  anti-MCH.
A 50 p i volume o f  an tibody  was added to  a l l  tu b es  excep t th e  HOT
and non s p e c i f ic  b ind ing  tu b e s  (NSB). These d i lu t io n s  o f an tibody
bound about 50 % o f th e  added la b e l le d  hormone.
The la b e lle d  hormone s o lu t io n  was p rep a red  by d i lu t in g  th e  s to re d  
c o n c e n tra te d  la b e l  w ith  PBSG, s u f f ic ie n t  to  g iv e  abou t 5000 cpm in  
50 pi. T his volume was th en  added to  a l l  th e  tu b es .
The tu b e  c o n te n ts  were w hirlim ixed  and c e n tr ifu g e d  b r ie f ly  
(300*g) to  e n su re  th a t  a l l  d ro p le ts  w ere a t  th e  bottom  o f  th e
tu b e s  which w ere th en  in cu b a ted  a t  4* fo r  24h.
.1. Summary o f tu b e  c o n te n ts  fo r  C h a rc o a l-se p a ra te d  RIA.
Volume (|il)
Tube Title Antibody Label Buffer Standard Sample Total
HOT - - 50 — - - 50
NSB - - 50 150 — — 200
OX 50 50 100 — — 200
Standards 50 50 — 100 — 200
Samples 50 50 — — 100 200
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7. About h a lf  an hour b e fo re  i t  was re q u ire d , th e  c h a rc o a l-d e x tra n
m ix tu re  was p rep ared  <0.5 % a c t iv a te d  c h a rco a l, 0.125 % D ex tran -70  
in  PBSG). T his was kept c h il le d  in  an ic e  b a th  and s t i r r e d  
v ig o ro u sly . Once p repared , th e  c h a rco a l m ix tu re  rem ained u se a b le  
fo r  up to  a week when kep t a t  4*. 500 p i  o f t h i s  m ix tu re  was 
added to  each  tu b e  (excep t th e  HOT tu b e s ) . Using an E ppendorf 
M u lt i -p ip e t te ,  th e  c h a rco a l m ix tu re  could  be added to  240 tu b e s  in
l e s s  th an  3 min. The tu b e s  w ere in cu b a ted  fo r  15 min e x a c tly ,
tim ed a f t e r  a d d itio n  o f c h a rco a l to  th e  f i r s t  tu b e , th en  
c e n tr ifu g e d  a t  2000*g fo r  a f u r th e r  15 min. No a ssa y  d r i f t  was 
n o ted  when s ta n d a rd  cu rv e s  w ere p laced  a t  th e  s t a r t  and end o f  an 
assay .
8. A f te r  c e n tr ifu g a t io n  th e  c h a rc o a l p e l l e t  was a s p ir a te d  to  d ry n ess ,
and a l l  th e  tu b es  w ere coun ted  on a LKB minigamma c o u n te r  fo r  5 
min o r u n t i l  a t o t a l  count o f  10 000 was reached .
9. C ounts due to  n o n -sp e c if ic  b ind ing  w ere d educted  from a l l  v a lu e s
and th e  s ta n d a rd  cu rve  was p lo t te d  a s  % B/ B0, where B = la b e l  
bound in  p resen ce  o f u n la b e lle d  p e p tid e  and B0 = la b e l  bound in  
absence  o f u n lab e lle d  p e p tid e .
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2.5.4. S o lid  Phase RIA fo r  MCH P ro to co l
A ty p ic a l  a ssa y  p rocedu re  fo llow s, ( a l l  s ta n d a rd s  were m easured in
d u p lic a te  and sam ples s in g ly  a s  la rg e  volumes o f plasm a w ere re q u ire d ,
500 f i t /s in g le  sam ple). The b u f fe r  used  th ro u g h o u t was "T rito n  X B uffer":
0 .0 5 .M phosphate  b u f fe r , pH 7.6, c o n ta in in g  1 % BSA, 0.1 % T r ito n  X-100
and 0.01 % NaN3.
Day 1
1. S tan d ard s  w ere p rep a red  from th e  frozen  s to c k , as  d e sc r ib e d  in  th e
s e c t io n  2.5.1.1. They w ere s e r i a l ly  d i lu te d  w ith  a ssa y  b u f fe r  
(T riton-X  B u ffer)  to  g iv e  th e  ran g e  3.1 -  400 p g / 100 pi.
2. The immunobeads were p rep a red  a s  d e sc r ib e d  p re v io u s ly  (K ishida e t
1989) and used  a t  a c o n c e n tra tio n  s u i ta b le  to  g iv e  abou t 30 %
maximum b ind ing  o f la b e l  a s  t h i s  gave th e  b e s t  s ta n d a rd  cu rve  
o v er th e  ran g e  o f s ta n d a rd s  used. They w ere d i lu te d  in  a ssa y  
b u f fe r  ju s t  b e fo re  use.
3. An in te r n a l  s ta n d a rd  was p rep a red  from an a c id -e x tr a c te d  t r o u t  
p i tu i ta r y  which was d i lu te d  a s  re q u ire d , to  g iv e  50 p g / 100 p i /  
tu b e . I n t r a - a s s a y  v a r ia t io n  was 8.7 %, in te r a s s a y  v a r ia t io n  was 
10.2 %
4. A poo l o f plasm a was a l iq u o tte d  o u t in  500 p i  volumes and to  h a l f
o f  th e s e  tu b e s  a "sp ike"  o f 50 pg MCH was added. The 
c o n c e n tra tio n s  o f m easured hormone were compared in  th e  two p o o ls  
o f  plasm a, and th e  d if fe re n c e  c a lc u la te d  to  show th e  % rec o v e ry  o f
th e  hormone in  th e  assay . T his could be c a lc u la te d  and th e  r e s u l t s
o f th e  a ssa y  c o rre c te d  a s  a p p ro p ria te . The re c o v e r ie s  m easured  in  
t h i s  a ssay  were 113.1 ± 6.8 (n=13).
5. Only when a l l  th e  s o lu t io n s  were ready  w ere th e  sam ples thaw ed
and th e  a p p ro p r ia te  volum es added to  each  tu b e  (see  th e  summary 
o f tu b e  c o n te n ts  below, ta b le  2 .2 .)
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TABLE 2.2. Summary o f  tu b e  c o n te n ts  fo r  th e  f i r s t  s ta g e  o f  th e  s o lid  
phase  a s sa y  fo r  MCH in  plasm a.
Volume (pi)
Tube Title ImmunoBeads Standard Plasma Buffer Spike Total
HOT
NSB -  -  -  1200 -  1200
OX 100 -  -  1100 - -  1200
Standards 100 100 -  1000 -  1200
Unknowns 100 -  500 600 -  1200
Recoveries 100 —  500 500 100 1200
Spike 100 -  -  1000 100 1200
6. The tu b es  w ere w h irlim ixed  and b r ie f ly  c e n tr ifu g e d  (800xg) to
e n su re  th a t  a l l  d ro p le ts  and beads w ere mixed and none were s tu c k  
to  th e  w a lls  o f  th e  tu b e s . The a ssa y  was l e f t  to  in c u b a te  fo r  24h 
a t  4* w ith  g e n tle  ro ta t io n .
Day 2
7. The tu b e s  w ere p laced  in to  s p e c ia lly  a d ap ted  c e n tr ifu g e  c a r r ie r s
and c e n tr ifu g e d  a t  2000xg fo r  15 min. The s u p e rn a ta n ts  were th en  
decan ted  and th e  tu b e s  b lo t te d  by in v e rs io n  on to  b lo t t in g  paper to  
remove ex cess  liq u id . Using th e  ad ap ted  c a r r i e r s  i t  was p o s s ib le  
to  decan t and b lo t  37 tu b e s  to g e th e r  which g r e a t ly  enhanced th e  
r e p ro d u c ib i l i ty  o f  th e  r e s u l t s  a s  w ell a s  speed ing  up th e  assay .
8. The bead p e l le t  was washed w ith  1 ml a ssa y  b u f fe r ,  th e  tu b es
were ag a in  c e n tr ifu g e d , th e  s u p e rn a ta n t d ecan ted  and 1 ml b u f fe r  
added.
9. 50 p i  12 s i - l a b e l le d  MCH, d i lu te d  to  c o n ta in  about 5000 cpm, was
added to  each tu b e  fo llow ed  by 500 p i  a s sa y  b u f fe r . F in a lly , th e  
tu b e  c o n te n ts  w ere w h irlim ixed  and b r ie f ly  c e n tr ifu g e d  aga in , then  
l e f t  to  in cu b a te  fo r  a f u r th e r  24h w ith  g e n t le  r o ta t io n  a t  4*.
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10. The HOT tu b e s  were s e t  a s id e  and 1 ml o f a s sa y  b u f fe r  was added 
to  a l l  th e  rem ain ing  tu b e s . They w ere th en  c e n tr ifu g e d  a t  2000xg 
fo r  15 min, decan ted  and b lo tte d . The HOT tu b e s  and th e  r e s t  o f 
th e  a ssa y  tu b e s  w ere coun ted  fo r  5 min o r u n t i l  10 000 co u n ts  
were reached  on an LKB minigamma co u n te r.
11. The s ta n d a rd  curve was e x p re sse d  a s  bound la b e lle d  MCH B/ B0> 
vs log  s tan d a rd , a f t e r  s u b tr a c t in g  th e  n o n -s p e c if ic  b ind ing .






A typical standard curve for the measurement of MCH in the solid-phase RIA. 
The open symbols show a dilution curve for plasma.
jil plasma 
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2.5.5. Radioim munoassay fo r  NPP-1
The m ethod used  was b ro ad ly  th a t  o f T akahash l e t al. <1987) sum m arised
as  fo llow s:
Day 1
1. In cu b a tio n  media was m easured w ith o u t e x tra c t io n , d i lu te d  in  300
p i o f  a ssa y  b u f fe r  A (see  s e c tio n  2 .5 .1 .3 .).
2. The s ta n d a rd s  (p u r if ie d  NPP-1, a  g i f t  from Prof. Kawauchi) w ere
d i lu te d  in  th e  ran g e  15.6 -  4-000 pg in  b u f fe r  and 100 p i  added 
per tube . The tu b e  c o n te n ts  w ere made up to  300 p i w ith  b u f f e r  A.
3. The a n tib o d y  (from P ro f. Kawauchi) was u sed  a t  a f in a l  d i lu t io n  o f
1:10 000 and was p re p a re d  in  a s e p a r a te  b u f fe r  (B uffer B, 0.05 M 
phosphate  b u ffe d  s a l in e  w ith  0.01 M EDTA, 0.1 % NaN3); 100 p i 
an tib o d y  s o lu t io n  w as added was p e r  tu b e . The a s sa y  was l e f t  to  
in c u b a te  fo r  24h.
Day 2
4. Label was added to  each  tu b e  (100 p i  p e r  tu b e  g iv in g  approx 6000
cpm), and th en  l e f t  f o r  a  f u r th e r  24h
Day 3
5. Bound and unbound f r a c t io n s  w ere s e p a ra te d  w ith  500 p i 20 % PEG
8000 (in  d i s t i l l e d  w a te r) . The tu b e s  w ere mixed and th en  200 p i
50 % Human serum  (in  d i s t i l l e d  w a te r)  was added. The tu b e s  w ere 
th en  mixed aga in  and th en  c e n tr ifu g e d  a t  2000*g fo r  15 min. The 
s u p e rn a ta n t  was d ecan ted  and th e  p e l l e t s  counted  on an LKE 
minigamma coun ter. I n t r a - a s s a y  v a r ia t io n  was 8.1 %, i n te r - a s s a y  
v a r ia t io n  was 7.2 %, rec o v e ry  88 ± 5.5 (n=6).
6. The s ta n d a rd  cu rve  was e x p re sse d  a s  bound la b e l le d  NPP-1 (% B/
B0) vs log  s ta n d a rd , a f t e r  s u b tr a c t in g  th e  n o n -s p e c if ic  b ind ing .
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A typical standard curve for the measurement of NPP-1 in the PEG-separated RIA. 
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2.5 .6 . C o r t is o l  RIA P ro to c o l
The m ethod used  i s  th a t  o f Ranee and Baker <1981) and a b r ie f  accoun t o f
th e  m ethod i s  g iven  below:
Day 1
1. C o r t is o l  t i t r e s  were m easured in  plasm a sam ples (in  d u p lic a te )  
a f t e r  e x tr a c t io n  in  e th a n o l See s e c t io n  2.4.2. R ecoveries w ere 
c a lc u la te d  by m easuring  a l iq u o ts  o f pooled plasm a c o r t i s o l ,  and 
a l iq u o ts  to  which 200 pg o f s te r o id  had been added and a s s e s s in g  
th e  d if fe re n c e . The r e s u l t s  cou ld  be c o rre c te d  by th e  a p p ro p r ia te  
fa c to r , R ecoveries averaged  a t  92.8 ± 4.6 % (n=5).
2. The s ta n d a rd s  were p rep a red  a s  d e sc rib ed  in  s e c tio n  2.6.1. and 
m easured in to  th e  bottom  o f  th e  tu b e s  <in t r i p l i c a t e )  and d r ie d  in  
th e  vacuum r o ta r y  d r ie r .  Once a l l  t r a c e s  o f  a lco h o l had been 
removed, 100 p i  a s sa y  b u f fe r  (PBSG) was added to  a l l  tu b e s  and 
th ey  were l e f t  to  s ta n d  fo r  30 min a t  4*
3. 3H-C 1 ,2 ,6 ,71 -C ortiso l (Amersham, 250 pCi in  250 p i  to lu e n e /  e th a n o l 
s o lu tio n )  was d i lu te d  to  25 mi w ith  e th a n o l and s to re d  a t  -40*. 
100 p i  o f t h i s  s to c k  w ere d rie d  down in a sm a ll g la s s  beak er and 
resuspended  in  10 ml o f PBSG.
4. The an tibody  (C o rtiso l R5) was ra is e d  by Dr I  Gilham. I t  was 
s to re d  a t  -40* a s  a 1 0 -fo ld  d i lu t io n  in  PBSG, 50 p i  o f th e  s to c k  
d i lu e n t  were added to  10 ml PBSG and allow ed  to  mix fo r  a  few 
m inu tes.
5. 100 p i  o f 3H -c o r t is o l  s o lu t io n  and 100 p i  an tibody  s o lu t io n  were 
added to  s ta n d a rd  and sam ple tu b es . In  a d d itio n , two tu b e s  
con ta in ed  100 p i  b u f fe r  in s te a d  o f  a n tise ru m  to  d e te rm in e  non­
s p e c if ic  b ind ing  (NSB). A liq u o ts  o f  3H -c o r t is o l  s o lu t io n  w ere added 
to  6 mi s c in t i l l a n t  a s  a m easure o f  la b e l  added to  a l l  tu b e s . The 
tu b e s  w ere l e f t  to  e q u lib ra te  a t  4* o v e rn ig h t.
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6. H alf an hour b e fo re  I t  was re q u ire d , th e  d e x tra n -c h a rc o a l was
made up acco rd ing  to  th e  same re c ip e  used  in  th e  p e p tid e  a ssa y  
(see  s e c t io n  2.2.2.). 500 p i  was d isp en sed  to  each  tu b e  which were 
l e f t  to  in cu b a te  fo r  15 min.
7. The tu b e s  w ere c e n tr ifu g e d  a t  2000*g fo r  15 min and th e
s u p e rn a ta n ts  d ecan ted  in to  s c in t i l l a t io n  v ia l s  c o n ta in in g  6 ml o f 
s c in t i l l a n t .
8. The v ia ls  were shaken v ig o ro u s ly  and l e f t  to  s ta n d  in  th e  dark
fo r  2h to  red u ce  background r e s u l t in g  from “u n s e tt le d "  s c in t i l l a n t ,  
b e fo re  coun ting .
9. The v ia ls  were coun ted  f o r  10 min o r 10 000 coun ts  on a LKB
Rack-Beta s c in t i l l a t io n  c o u n te r . The r e s u l t s  were co n v e rted  by 
com puter in to  dpm u s in g  th e  a p p ro p r ia te  quench c o rre c tio n  curve.
2.6. STATISTICS
A ll s t a t i s t i c a l  com parisons o f means w ere made u s in g  th e  pooled s tu d e n ts
t - t e s t ,  th e  a p p ro p r ia te  t ra n s fo rm a tio n s  (sq u are  ro o t, lo g a r ith m ic )  were
perform ed on th e  d a ta  b e fo re  te s t in g .
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Fig 2.5.
A typical standard curve for the measurement of Cortisol in the charcoal-separated 
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C H A P T E R  3  
T H E  EF'F’EG'T OF' A N A E S T H E T I C S  
ON T H E  R E L E A S E  OE MCH AND  
CORT’I  S O L  I N  T H E  R A l  NBOW  
T R O U T  X N  V I V O
3.1. INTRODUCTION
T rou t a re  very  e a s i ly  s t r e s s e d  and i t  i s  th e re fo re  n e c essa ry  to  
a n a e s th e t i s e  them when c o lle c t in g  blood sam ples fo r  hormone m easurem ent. 
S e v e ra l s tu d ie s  have shown th a t  a n a e s th e t ic s  may a r t i f i c i a l l y  r a i s e  o r 
low er th e  plasm a c o n c e n tra tio n s  o f some hormones. P en to b arb ito n e  
a n a e s th e s ia  in r a t s  d e c re a se s  th e  r a t e  o f f i r in g  o f hypothalam ic neurones, 
when te s te d  by Dyball and McPhail (1974). These w orkers a ls o  found th a t  
d i f f e r e n t  c e l l  ty p es  responded  d i f f e r e n t ly  to  d i f f e r e n t  a n a e s th e t ic s . 
U rethane i s  known to  in c re a se  th e  c o n c e n tra tio n s  o f v a so p re ss in  and ACTH 
in  th e  r a t  plasm a (Dyball, 1971; Dyball and McPhail 1974). MS222 a t  su b - 
l e th a l  doses  in c re a s e s  th e  r e le a s e  o f  c o r t i s o l ,  and presum ably ACTH, in to  
th e  plasm a o f t r o u t  (S trange  and Schreck, 1978).
S ince th e  plasm a c o n c e n tra tio n  o f MCH has not been s tu d ie d  be fo re , i t  was 
co n sid e red  im portan t to  in v e s t ig a te  th o ro u g h ly  a method by which blood 
sam ples could be o b ta in ed  qu ick ly  and e f f i c i e n t ly  from a g roup of 
ex p e rim e n ta l anim als.
The main aim o f t h i s  s tu d y  was th e re fo re  to  id e n t if y  an a n a e s th e t ic  which 
would no t g ro s s ly  a l t e r  th e  plasm a c o n c e n tra tio n s  o f  MCH, aMSH o r 
c o r t i s o l  in  th e  few m inu tes betw een a n a e s th e s ia  and b leed ing  th e  f ish . 
Normally a high, l e th a l  c o n c e n tra tio n  o f  a n a e s th e t ic  i s  used in  such
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te rm in a l experim en ts, but because  we a lso  env isag ed  exam ining th e  
horm onal re sp o n se  to  v a rio u s  d rugs, which m ight be in je c te d  under
a n a e s th e s ia , th e  p re s e n t work a ls o  examined th e  e f f e c t s  o f low doses o f 
a n a e s th e t ic s  over a tim e c o u rse  o f  40 min.
3.2. MATERIALS AND METHODS
A ll f is h  used  in  t h i s  s e r i e s  o f  experim en ts  w ere o b ta in ed  from A lderley  
f is h  farm  and m ain ta ined  under th e  c o n d itio n s  s ta t e d  in  C hapter 2. A ll 
w ere ad ap ted  to  a w h ite  background. The e f f e c t s  o f 5 d i f f e r e n t  
a n a e s th e t ic s  were te s te d  on plasm a MCH, c o r t i s o l  and aMSH t i t r e s :
Phenoxyethanol (1 : 1666, 5000, o r 10000 v /v ), MS222 <1 : 24000 w/v), 
U rethane Cl : 200 w/v) o r B enzocaine <1 : 1200, 2000 w/v) were added to  
th e  tan k  w ater; th e  f i f t h  a n a e s th e t ic ,  S a ffan  (0.6 mg in  50(ii) was 
in je c te d  su b cu tan eo u sly  in to  th e  l a t e r a l  lin e . The f is h  in  t h i s  l a s t  g roup  
w ere tag g e d  and k ille d  in  o rd e r  o f in je c tio n . The o th e r  g roups were 
p laced  in  a e ra te d  a n a e s th e t ic  in sm all (401) tan k s  and k i l le d  a t  
in te r v a ls  up to  40 min. The an im als were caught and t r a n s fe r r e d  from th e  
ho ld ing  ta n k s  (in which th ey  had been a d a p tin g  s in c e  a r r iv a l  from th e  
farm ) in to  th e  tank  o f a n a e s th e t ic .  Depending on th e  experim ent, g ro u p s 
o f up to  50 f is h  were t r a n s f e r r e d  in  t h i s  way. Animals were kept in  th e  
a e ra te d  a n a e s th e t ic  fo r  v a rio u s  tim es (5-40  min) b e fo re  k ill in g . C on tro l
(T0) f is h  were not a n a e s th e t is e d  but k i l le d  by s tu n n in g . Blood sam ples
were c o lle c te d  as  d e sc rib ed  in  c h a p te r  2. In o rd e r  fo r  th e  f is h  to  s u rv iv e  
fo r  40 min, th e  doses o f a n a e s th e t ic  used were n o t le th a l .  F ish  responded  
by lo s in g  o r ie n ta t io n  o r r o l l in g  on th e i r  backs, bu t con tinued  to  show 
o p e rc u la r  r e s p i r a to ry  movements.
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3.3. RESULTS
The p lasm a c o n c e n tra tio n s  o f v a rio u s  hormones a re  shown in F ig u re  3.1. 
and T ab le  3.1. (A), (B) and CC>.
3 .3 .1 . P henoxyethano l
At a h ig h  ( le th a l )  dose <1 : 1667) fo r  5 min t h i s  a n a e s th e t ic  d id  not 
s ig n i f ic a n t ly  a f f e c t  th e  m easured plasm a c o n c e n tra t io n s  o f  MCH, c o r t i s o l  
o r aMSH when compared w ith  th e  s tu n n ed  f is h . At low er doses, MCH t i t r e s  
w ere p ro g re s s iv e ly  reduced  a f t e r  10 -  20 min bu t t h i s  was only
s t a t i s t i c a l l y  s ig n i f ic a n t  in  experim ent 3. aMSH t i t r e s  w ere not 
s ig n i f ic a n t ly  a l te r e d  e i th e r  b u t c o r t i s o l  s e c r e t io n  was s ig n i f ic a n t ly  
e le v a te d .
3 .3 .2 . MS222
The u se  o f  t h i s  a n a e s th e t ic  a t  th e  dose t e s t e d  induced  h ig h  plasm a MCH 
t i t r e s  a f t e r  5 min, which p e r s i s te d  fo r  40 min,
3 .3 .3 . U re thane
T h is  a n a e s th e t ic  a t  a dose o f 1 : 200 had a p ro found  e f f e c t  on plasm a 
MCH c o n c e n tra tio n , double th e  c o n tro l  v a lu e  a t  5 min and which was very  
s ig n i f ic a n t ly  ra is e d , over 6 - fo ld , a f t e r  30 min. aMSH t i t r e s  w ere no t 
a f f e c te d .
3 .3 .4 . B enzocalne
Plasm a MCH v a lu e s  w ere no t s ig n i f ic a n t ly  changed. A h igh  dose s l ig h t ly  
in c re a s e d  th e  s e c re tio n  o f aMSH compared to  s tu n n e d  f i s h  a f t e r  5 min 
ex p o su re , b u t a low dose d id  n o t s ig n i f ic a n t ly  a f f e c t  m easured  plasm a 
aMSH t i t r e s .
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3.3.5. S a ffa n
Did n o t s ig n i f ic a n t ly  a l t e r  th e  m easured plasm a MCH o r aMSH t i t r e s  
compared w ith  s tunned  f ish .
T ab le  3.1. The e f f e c t  o f d i f f e r e n t  a n a e s th e t ic s  on plasm a (A> MCH, (B> 
c o r t i s o l  and (C) aMSH t i t r e s .  Plasma was c o lle c te d  from w h ite -a d a p te d  
t r o u t  exposed to  v a rio u s  doses o f a n a e s th e t ic  fo r  v a rio u s  tim es. C on tro l 
f is h  (T0) were k i l le d  by stu n n in g . A ll d a ta  a re  form 5 d i f f e r e n t  
ex p e rim en ts  and a re  g iven  a s  mean ± s.e.m., n ) 6.
<A> MCH (pg/ii)
Tina in anaesthetic (min)
Anaesthetic Dose 0 5 10 20 30 40
1, Phenoxyethanol 1 5000 134 1 24 155 i 39 155 t 60 103 i 31 93 t 11 82 i 19
2. 1 10000 74 i 29 132 ± 11 — 79 i 18 — 39 i 8
3. 1 1666 134 i 41 146 1 22 — — — —
II 1 5000 « 134 i 32 — 93 t 35 23 t 4 32 i 9
* 1 10000 N 74 t  18 — 170 i 49 55 t  26 47 t  10
4. HS222 1 24000 83 i 13 233 1 66 — — 163 t 59 203 1 50
Urethane 1 200 1 131 1 80 — — 662 i 77 605 i 69
5, Benzocaine 1 1200 115 1 16 83 i 11 — — — —
1 1 2000 N — — - 135 i 28 - - - —





5 10 20 30 40
3, Phenoxyethanol 1 ; 1666 16 i 6 18 1 6 — — — —
N 1 : 5000 • 105 i 5 — 87 ± 10 S3 t 6 107 i 5
II 1 ; 10000 1 52 1 12 — 87 i 11 99 t 6 103 1 4
4, HS222 1 ; 24000 9 1 1 19 1 8 — — 105 t 5 115 t 4





5 10 20 30 40
3, Phenoxyethanol 1 1666 161 1 10 166 i 20 — — — —
a 1 5000 1 171 ± 16 — — — 143 i 23
M J 10000 a 211 1 49 — — — - 136 1 14
4, MS222 1 24000 84 i 14 110 ± 14 — — 102 t 18 105 i 22
Urethane 1 200 a 145 i 19 — — 115 t 13 113 i 13
5, Benzocaine 1 1200 96 1 11 157 ± 12 — — — —
a 1 2000 a 94 i 12 — — 76 t 9 —
Saffan 0,6 ng ■ — 99 1 14 - - - 93 t 8 —
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F i g  3 .1 .
The effect of different anaesthetics on MCH and Cortisol release in white-adapted 
trout. Results are expressed as relative change from control (stunned) fish (t = 0, 
Controls = 100 % ). Standard errors are not shown to avoid obscuring the data. 
Statistical analysis was performed on raw data.
★ p < 0.05 ★★ p < 0.01 ★★★ p < 0.001
£  Phenoxyethanol 1 : 5 000 
□  MS 222
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I t  i s  a p p a re n t from th e  r e s u l t s  th a t  d i f f e r e n t  a n a e s th e t ic s  would s u i t  
d i f f e r e n t  pu rposes. I t  i s  assum ed th a t  plasm a hormone t i t r e s  a re  no t 
changed in  f is h  k i l le d  by s tu n n in g  and so t h i s  method was used  fo r
k i l l in g  th e  c o n tro l  f is h , even though, fo r  some hormones eg ACTH we know 
th i s  i s  u n tru e  (Gilham and Baker, 1985). For work on plasm a MCH, however, 
s tu n n in g  i s  no t th e  b e s t m ethod fo r  k i l l in g  f is h  b e fo re  b leed ing . As 
d e sc rib ed  in  C hapter 2 th e  plasm a MCH a ssa y  re q u ir e s  th e  u se  o f 
r e l a t iv e ly  la rg e  volumes o f plasm a (500 pi), t h i s  i s  a lso  t ru e  fo r  th e
d e te c tio n  o f aMSH. When f is h  a re  s tu n n ed  in  o rd e r  to  o b ta in  a blood 
sam ple, haem orrhaging  o ccu rs  around th e  b ra in  and a sm a lle r  blood sam ple 
is  o b ta in ed  compared w ith  a n a e s th e t is e d  f is h . To perm it d u p lic a tio n  o f 
a s sa y s  i t  was n e c essa ry  e i th e r  to  use  la r g e r  f is h  o r a n a e s th e t ic s , and 
th e  le s s  expensive  o p tio n  was to  use  a n a e s th e s ia . The tre a tm e n t th a t  gave 
v a lu es  l e a s t  d i f f e r e n t  to  s tu n n ed  f is h  was a h igh  dose (1 : 1666) o f 
phenoxyethanol o r benzocaine provided  th a t  an im als w ere b led  w ith in  5 min 
o f exposu re  to  th e  a n a e s th e t ic .  However in  t h i s  and o th e r  ex p erim en ts  
benzocaine d id  e le v a te  aMSH t i t r e s  and shou ld  th e re fo re  be a second 
choice. At low er doses phenoxyethano l d ep re sse d  plasm a MCH t i t r e s ,  aMSH 
t i t r e s  w ere no t a f fe c te d . Lower doses  o f phenoxyethano l (1 : 5000,
10000) p ro g re s s iv e ly  d e c re a sed  th e  amount o f MCH in  th e  plasm a. T his 
su g g e s ts  t h a t  i t  d e p re sse s  th e  r e le a s e  from th e  n e rv e  te rm in a ls . Thus, in  
experim ent 3, plasm a MCH c o n c e n tra tio n s  in  f is h  p laced  in  1 : 5000
phenoxyethanol was only 21 % th a t  o f c o n tro l  f is h , su g g e s tin g  th a t  t h i s
a n a e s th e t ic  d e p re s se s  MCH r e le a s e  and th a t  th e  hormone may have a h a lf  
l i f e  o f abou t 20 min o r le s s . An a l te r n a t iv e  in te r p r e ta t io n  m ight be th a t  
th e  a n a e s th e t ic  in c re a s e s  c le a ra n c e  o f  MCH by in c re a s in g  u r in e  flow.
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S affan  a ls o  d id  no t appear to  m odify plasm a t i t r e s  o f MCH, bu t i t  i s  an 
im p ra c tic a l cho ice  fo r  use  w ith  la rg e  g roups a s  i t  had to  be a d m in is te re d  
in d iv id u a lly  by in je c tio n  in to  th e  l a t e r a l  lin e . T h is i s  d i f f i c u l t  in  i t s e l f  
a s  only sm all volumes can be u sed  and have to  be in je c te d  very  p re c is e ly  
and slow ly  to  avoid  i t  lea k in g  ou t ag a in  th ro u g h  th e  p u n c tu re  in  th e  
skin . I t  i s  a good a n a e s th e t ic  to  u se  fo r  s u rg e ry  because  i f  a p p lie d  in  
th i s  way th e  anim al becomes unconscious very  qu ick ly  (sin ce  th e  l a t e r a l  
l in e  o v e r l ie s  th e  h igh ly  v a s c u la r  red  m uscle). The e f f e c t s  a re  long 
la s t in g  and th e  f is h  i s  n o t p rone  to  th e  hypoxia o r oedema th a t  o f te n  
r e s u l t s  from th e  use o f o th e r  a n a e s th e t ic s ;  reco v e ry  i s  co n seq u en tly  
b e t t e r  (Hawkins, 1981).
The e f f e c t s  o f th e  o th e r  a n a e s th e t ic s  (MS222 and U rethane) w ere 
in te r e s t in g  in  th a t  they  provoked MCH re le a s e , e i t h e r  by a c tin g  d i r e c t ly  
a t  th e  p i tu i t a r y  nerve  te rm in a ls , o r  by a f f e c t in g  th e  f i r in g  r a t e  o f  th e  
whole neurone, or a c tin g  in d ir e c t ly  by in h ib i t in g  some in h ib i to ry  in p u t on 
MCH. I t  has  been s u g g e s te d  fo r  mammals th a t  u re th a n e  e x e r t s  i t s  
a n a e s th e t ic  e f f e c t s  a t  th e  s p in a l  le v e l  w h ils t  i t s  e f f e c t  on 
neu rohypophysia l hormones l ik e  v a so p re s s in  and oxy tocin , whose r e le a s e  i s  
a ls o  s t im u la te d  (Dyball 1971), o ccu rs  a t  th e  s i t e  o f th e  membrane in  th e  
neurohypophysis and no t a t  th e  hypothalam us (Dyball and McPhail, 1974). 
U rethane a ls o  a f f e c ts  h y p o p h y sia l hormones, c a u sin g  in c re a se d  ACTH 
r e le a s e  (S p riggs and Stockham, 1964) probably  by s t im u la tin g  CRF re le a s e . 
I t  i s  no t c le a r  how MS222 e x e r t s  i t s  e f f e c t ;  t h i s  too  can cau se  ACTH 
re le a s e  (S trange  and Schreck, 1978) and may a c t in  a  s im ila r  manner.
As a r e s u l t  o f  th e s e  in v e s t ig a t io n s  i t  was de te rm ined  th a t  i f  used  in  th e  
d e sc rib ed  manner, phenoxyethano l and benzocaine w ere to  be th e  chosen
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a n a e s th e t ic s  fo r  a l l  su b seq u en t p r a c t ic a l  work invo lv ing  th e  m easurem ent 
o f MCH and aMSH in th e  plasm a.
The e f f e c t  o f  a n a e s th e t ic s  on ACTH and c o r t i s o l  s e c re tio n  in  th e  p re se n t
s tu d y  a re  no t a l to g e th e r  c le a r . S ince, in  some experim en ts, th e  c o r t i s o l  
t i t r e s  were a lre a d y  ra is e d  5 min a f t e r  a n a e s th e s ia , i t  would seem th a t  
th e  f is h  m ust have been d is tu rb e d  im m ediately  p rev io u s ly , w hile they  were 
d i s t r ib u te d  to  th e  d i f f e r e n t  tan k s  o f a n a e s th e t ic s ,  MS222 c le a r ly
s tim u la te d  c o r t i s o l  s e c re tio n , bu t th e  o th e r  5 r e s u l t s  can be in te r p re te d
w ith  l e s s  confidence .
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T H E  I N F L U E N C E  OE N E R V E S  A N D  
H O R M O N E S  OH T H E  C O N T R O L  OE  
T R O U T  1VIEE A H O E H O R E S
4.1. INTRODUCTION
T e le o s t f is h  a re  capab le  o f a l t e r in g  th e i r  co lo u r to  match th a t  o f t h e i r  
environm ent. Such changes occur over a span o f m inu tes  o r h ou rs  and a re  
due to  th e  movement o f  m elanin g ra n u le s  w ith in  in teg u m en ta ry  
m elanophores. Both horm onal and n eu ro n a l f a c to r s  c o n tro l  such movements 
in  t e l e o s t  m elanophores. Thus m elanin a g g re g a tio n , r e s u l t in g  in  p a llo r , 
can be induced by th e  m elanin  c o n c e n tra tin g  hormone (MCH) a c tin g  on i t s  
own s p e c i f ic  r e c e p to r  (Oshima e t  al., 1985), by m ela ton in  in  some s p e c ie s  
and by n o ra d re n a lin e  (NA) from sym pathe tic  n eu ro n es which in n e rv a te  th e  
m elanophores (fo r  a rev iew  se e  F u jii  and Oshima, 1986). M elanin d isp e rs io n  
which c a u se s  darkening , o ccu rs  in  resp o n se  to  th e  m elanocyte s t im u la tin g  
hormone (aMSH) and p o ss ib ly  a ls o  to  n eu ro n a l a g e n ts , eg ad enosine  o r  ATP 
(M iyashita  e t a l., 1984).
The plasm a t i t r e s  o f bo th  aMSH and MCH have been m easured in  t r o u t  kept 
on d i f f e r e n t  co loured  backgrounds (K ishida e t  a l ,, 1989). Not only  i s  th e  
c o n c e n tra tio n  o f MCH alw ays low er th an  aMSH by 3 -80  fo ld , depending on 
th e  background and i llu m in a tio n  bu t i t s  t i t r e  in  w h ite -a d a p te d  f is h  i s  a t  
le a s t  2 0 - fo ld  le s s  than  th a t  re q u ire d  to  cause  maximum m elanin
a g g re g a tio n  in  t r o u t  s c a le s  in v itro  O lnM ) (K ishida e t al., 1989; Baker, 
1988a). I t  may be th a t  th e  d if fe re n c e  a r i s e s  p a r t ly  because  o f  d i f f u s io n a l
b a r r i e r s  in  th e  in v i tro  a s sa y  system . A d d itio n a lly , how ever i t  i s
p o s s ib le  th a t  c i r c u la t in g  t i t r e s  o f MCH in  th e  t r o u t  may no t be
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s u f f i c i e n t  a lo n e  to  induce f u l l  m elanin a g g re g a tio n , p a l lo r  be ing  ach ieved  
in vivo  by th e  co n certed  a c tio n  o f  both horm onal and n e u ro n a l f a c to r s .
The p re s e n t  work was done to  in v e s t ig a te  th e  p o te n t ia l  im portance  o f 
n eu ro n a l a g e n ts  in  th e  c o n tro l  o f t r o u t  m elanophores, and th e  in te r a c t io n  
betw een NA and MCH.
4.2. MATERIALS AND METHODS
4.2.1. F ish
Rainbow t r o u t  (200g) Salmo gairdneri, w ere o b ta in e d  from a lo c a l  f i s h  
farm, and 30g Chinese g ra s s  carp , Ctenopharyngodon id e llu s , o b ta in e d  from 
th e  W essex W ater a u th o r ity .
4 .2 .2 . P re p a ra tio n  o f  S c a le s
F ish  w ere k i l le d  by a blow to  th e  head and th e  d o r s a l  s c a le s  removed by 
sc ra p in g  from t a i l  to  head. S ca le s  were s e p a ra te d  and washed in  two 
changes o f  s t e r i l e  c u l tu r e  medium c o n ta in in g  double  s t r e n g th  a n t ib io t ic s .  
They w ere th en  t r a n s f e r r e d  to  norm al s t e r i l e  c u l tu r e  medium in  
p o ly s ty re n e  w e l l - p la te s  (Corning Ltd). The c u l tu r e  medium was E ag les  
Minimum E s s e n t ia l  Medium (MEM) w ith  Hanks s a l t s  and 20mM Hepes b u f fe r  to  
which was added 10% f o e ta l  c a l f  serum, 200 IU/ml p e n ic i l l in ,  0.2 mg/mi 
s tre p to m y c in  (Sigma), 5 jig/m i fu n g iso n e  ( a l l  from Flow la b o ra to r ie s ) .  The 
pH o f  th e  medium was a d ju s te d  to  7.8 w ith  T r is .
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4.2.3. T e s t  a g e n ts
S y n th e tic  salm onid MCH (P en insu la  L a b o ra to rie s )  was s to re d  a s  a 
c o n c e n tra te d  s o lu tio n  in  0 .0 1M HC1 c o n ta in in g  1% BSA and d i lu te d  in  
c u ltu re  medium a s  req u ired . aMSH (Sigma) was p rep a red  s im ila r ly .
Phentolam ine (R ogitine, Ciba L td) was used  a t  a f in a l  c o n c e n tra tio n  o f  10" 
♦M. A c o n c e n tra te d  s o lu tio n  (1 0 "3M) of n o ra d re n a lin e  was p rep a re d  in  
0 .0 0 1M HC1 c o n ta in in g  lmg/mt a sc o rb ic  ac id  and d i lu te d  in  c u l tu r e  medium 
a s  re q u ire d . To p rep a re  hypothalam ic e x tr a c t ,  t i s s u e s  from two f i s h  w ere 
so n ic a te d  in  200pl 5M a c e t ic  acid ,
4.2.4. D eterm ina tion  o f  m elanophore s t a t e
The e x te n t  o f  m elanin d isp e rs io n  o r c o n c e n tra tio n  o f th e  m elanophores was 
sco red  u s in g  Hogbens M elanophore Index (MI) in  which f u l l  m elanin 
d isp e rs io n  i s  sco red  a s  MI 5.0 and f u l l  m elanin a g g re g a tio n  a s  MI 1.0.
4.3. RESULTS
4.3.1. The e f f e c t  o f  c u l tu r e  on th e  m elanophore Index
Im m ediately  a f t e r  rem oval from th e  f ish , s c a le  m elanophores showed f u l l  
m elanin d isp e rs io n . During th e  fo llow ing  6 h o u rs  th ey  d isp la y e d  v a ry in g  
d e g re e s  o f m elanin a g g re g a tio n  but r e -d is p e r s e d  o v e rn ig h t to  MI >4.75 
(Fig 4.1.). Such i n i t i a l  a g g re g a tio n  was p rev en ted  by th e  a d d it io n  o f  th e  
a -a d re n e rg ic  b locker phento lam ine to  th e  medium. Over th e  n ex t few days 
th e  m elanophores underw ent a g ra d u a l p ro g re s s iv e  m elanin c o n c e n tra tio n , 
reach in g  an MI o f  abou t 2 -2 .5  by day 4. The r a t e  a t  which t h i s  second 
phase  o f m elanin a g g re g a tio n  occu rred  v a rie d  betw een experim en ts. I t  was 
no t s ig n i f ic a n t ly  a f f e c te d  by th e  p resen ce  o f phen to lam ine bu t cou ld  be
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p rev en ted  by th e  in c lu s io n  o f aMSH <10"7M) in  th e  medium. (Fig 1). 
M elanophore in d ic e s  o f le s s  th an  2.0 were n ev er observed  in  c o n tro l  
c u l tu re s  m ain ta ined  up to  6 days. M elanophores rem ained f u l ly  v ia b le  when 
m ain ta ined  in v itro  and were a b le  to  respond  a p p ro p r ia te ly  and ra p id ly  
when e i t h e r  t ro u t  hypo thalam ic  e x tr a c t  o r aMSH w ere added a t  th e  end o f 
a 6 day c u l tu re  period , most o f  them a t ta in in g  a fu lly  a g g re g a te d  o r 
d isp e rse d  s t a t e  (Fig 4.1.),
Chapter 4
Fig 4.1. The resp o n se  of t r o u t  s c a le s  to  c u l tu r e  over a p e rio d  of 3 or 6 
days in  th e  absence o r p resen ce  o f aMSH ( 1 0 '7M) o r phento lam ine (10 *M). 
The re sp o n se  of the  m elanophores to  hypothalam ic MCH a f t e r  6 days of 
c u l tu re  i s  a lso  shown. V alues a re  means ± s.e.m.. n = 20. Where s .e .n .s  a re  
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4.3.2. Synergy betw een MCH and NA
Synergism  may be de fined  a s  an enhanced re sp o n se  o f a t i s s u e  to  two or 
more horm ones which i s  g r e a te r  in  m agnitude to  th e  sum o f  th e  in d iv id u a l 
a c tio n s  o f  th e  hormones (Hadley 1988). B efore in v e s t ig a t in g  any 
in te r a c t io n  betw een NA and MCH, s c a le  m elanophores were f i r s t  in cu b a ted  
fo r  24h in  c u ltu re  medium to  remove th e  in te r f e r in g  e f f e c t  o f endogenous 
NA. S ca le s  w ith  th e  MI o f >4.5 were th en  in cu b a ted  in  medium co n ta in in g  
e i th e r  MCH o r NA over a ran g e  o f c o n c e n tra tio n s  (Fig 4.2.). Both MCH and 
NA caused  f u l l  m elanin c o n c e n tra tio n  w ith  an EC5Q o f  abou t 3*10 ~l0 M and 
3 x io ~ 8M re s p e c tiv e ly , th e  p re c is e  dose vary ing  w ith  s c a le s  from d i f f e r e n t  
t ro u t .  When MCH and NA w ere added to  th e  medium to g e th e r  a t  doses which 
a lone  had minimal e f f e c t ,  s ig n i f ic a n t  m elanin c o n c e n tra tio n  was observed  
(Fig 4.2.). These a g e n ts  were th e re fo re  a c tin g  s y n e rg is t ic a l ly  to  cause  
m elanin a g g re g a tio n . The experim en t was re p e a te d  fo u r  tim es w ith  s im ila r  
r e s u l t s  a lth o u g h  th e  e x te n t o f  synergy  v a rie d  in  d i f f e r e n t  experim en ts  
(F igs 4.3., 4 .4 .) and w ith  th e  doses used.
The experim ent was re p e a te d  u sin g  s c a le  m elanophores from th e  g ra s s  
carp . No evidence  fo r  synergy  betw een MCH and NA was found in  t h i s  
s p e c ie s  (d a ta  no t shown). T h is o b se rv a tio n  may be r e la te d  to  th e  f a c t  
th a t  th e  m elanophores o f  t h i s  sp e c ie s  a re  much more s e n s i t iv e  in v i tro  to  
MCH (EC5o 3xlO""11M) th an  th e  t r o u t ,  a lth o u g h  th e  plasm a MCH t i t r e  has  n o t 
y e t been determ ined .
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Fig 4.2. Dose re sp o n se  cu rv e s  o f t ro u t  m elanophores to  NA (10 7M to  
10“9M) and MCH <10' 9M to  10~11M> alone or to  NA ( 1 0 ' 7M to  1 0 '’ M) w ith  
MCH <3*10 11 M>. E xperim ent 1. V alues a re  means ± s .e .n . (n = 5>. Where 
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Fig 4.3. Histogram showing varying ex ten t of synergy between NA and MCH. 
Dose of NA in a l l  c a ses  was 3*10 9M. Dose of MCH was 3*10 11M in 
Experiments 1 and 3, and 10 X1M in Experiment 2 . Values a re  mean ± 
s.e.m. <n = 5).
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Fig 4.4. Experiment 4. T rout melanophores t r e a te d  with (a) NA (3*10"'9M}( 





These r e s u l t s  s u g g e s t  th a t  th e  I n i t i a l ,  p h e n to la m in e -re v e rs ib le , m elanin 
c o n c e n tra tio n  i s  a t t r ib u t a b l e  to  th e  r e le a s e  of NA from d e g e n e ra tin g  o r 
d e p o la r ise d  lo c a l  nerve  te rm in a ls  w hile  the  su b seq u en t s t a t e  o f  m elanin
d isp e rs io n  may be due to  r e l e a s e  o f a r e la t iv e ly  lo n g - la s t in g  ag en t,su ch
as  adenosine  o r ATP. With p ro longed  c u ltu re  th e s e  n eu ro n a l f a c to r s  
g ra d u a lly  deg rade  o r d i f fu s e  away and th e  m elanophores a t t a in  t h e i r  more 
c o n c en tra te d  r e s t in g  s ta t e .  A f u l ly  ag g reg a ted  s t a t e  o f  MI 1.0, seen  in  
i s o la te d  am phibian m elanophores, was not o b se rv ed  in  t r o u t  s c a le  
m elanophores but i t  rem ains p o s s ib le  th a t  th is  m ight be ach ieved  i f  th e  
medium were changed r e g u la r ly  o r th e  c u ltu re  p e rio d  extended, These 
r e s u l t s  p rov ide  evidence th a t  t e l e o s t  m elanophores may a lso  have a 
p u n c ta te  r e s t in g  s t a t e  fo r  t h e i r  m elanophores s im ila r  to  a l l  o th e r  
v e r te b ra te s  s tu d ie d  so fa r . Some w orkers have cla im ed th a t  th e  r e s t in g
s t a t e  o f t e l e o s t  and h o lo s te a n  m elanophores i s  s t e l l a t e  (Sherbrooke e t  
a l 1988a). Such a ‘r e s t i n g ’ s t a t e  may a c tu a lly  be th e  p roduct o f  a c tio n  
o f sp o n tan eo u sly  r e le a s e d  aden o sin e  o r o th e r  n e u ro tra n s m it te r .  Such 
sp on taneous r e le a s e  i s  known to  ta k e  place in  t i l a p i a  m elanophores in
s p l i t  f in  p re p a ra tio n s  (Kumazawa and F u jii, 1984). T hese w orkers re p o r te d  
th a t  ad enosine  was r e le a s e d  co n co m ittan tly  w ith  NA, th e  spon taneous 
r e le a s e  was presum ed to  be due to  leak ag e  o f  th e  t r a n s m i t te r s  from th e  
d is in te g r a t in g  te rm in a ls .
Hormones th a t  a c t  s y n e r g is t i c a l ly  a re  g e n e ra lly  found to  be a c tin g  v ia  
d i f f e r e n t  second m essengers; i f  th ey  were b o th  a c tin g  v ia  th e  same 
m essenger, th e i r  combined a c tio n s  would not be ex p ec ted  to  be any th ing  
o th e r  th an  a d d it iv e  (Hadley 1988). I t  has lo n g  been known th a t  aMSH
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e x e r ts  i t s  a c tio n  by a Gs p ro te in , s t im u la tin g  th e  a d e n y la te  c y c la se
pathway, th u s  s tim u la tin g  th e  fo rm ation  o f cAMP and hence m elanin 
d isp e rs io n . The mechanism o f  a c tio n  o f NA on pigm ent c e l l s  i s  v ia  th e  a 2 
re c e p to r . E berle  and G irard  (1985), working w ith  Anolis  m elanophores, have 
sp e c u la te d  th a t  th e  s ig n a l  i s  tra n sd u c ed  v ia  th e  a c tio n  o f a Gi-cAMP 
second m essenger system  a lth o u g h  th e re  i s  no firm  ev idence fo r  t h i s
su g g e s tio n , and i t  m ight a c t  v ia  th e  IP 3 pathw ay, a s  d isc u sse d  below. 
R ecently  Abr&o e t  a l., (1989) have su g g e s te d  th a t  MCH may e x e r t  i t s  
e f f e c t s  th ro u g h  th e  p h o sp h o in o s itid e  system , s p e c i f ic a l ly  th rough  th e  
a c tio n  o f  d ia c y lg ly c e ro l (DAG). The phorbol e s t e r  TPA was shown to  mimic 
th e  e f f e c t s  o f MCH, s u b th re sh o ld  doses o f t h i s  su b s ta n c e  a ls o  a c te d  
s y n e r g is t i c a l ly  w ith  MCH. Phorbol e s t e r s  a re  known to  mimic DAG in  
a c t iv a t in g  p ro te in  k in sa se  C. D ibucaine, H-7, 4 -b rom o-phenacy l-b rom ide and 
neom icin d isp la c e d  th e  dose resp o n se  curve  o f MCH to  th e  r ig h t ,  showing 
in h ib i to ry  a c tio n s . None o f th e s e  su b s ta n c e s  were e f f e c t iv e  on NA a c tio n . 
I t  i s  w e ll documented in  many c e l l  ty p es  (see  Sekar and Hokin, 1986 fo r  
rev iew ) th a t  th e  two b i fu rc a t in g  pathw ays o f th e  p h o sp h o in o s itid e  
pathw ay, v iz  th e  p ro d u ctio n  o f  IP 3 and DAG, a re  capab le  o f sy n e rg is in g  
w ith  each o th e r  and i t  i s  su g g e s te d  th a t  on th e  b a s is  o f t h i s  d a ta  th a t
th i s  i s  th e  mode o f a c tio n  fo r  MCH re p o r te d  here .
L ithium  tre a tm e n t o f  m elanophores r e s u l t s  in  a g g re g a tio n  o f melanosomes 
in  a dose dependent manner, and i t s  a c tio n  i s  presum ed to  be o f an 
in t r a c e l lu l a r  n a tu re  s in c e  i t s  a c tio n  was most r a p id  i f  LiCl i s  in je c te d  
in to  th e  c e l l  (Namoto and Yamada, 1983). LI"' i s  known to  in h ib i t  th e  
enzymes re s p o n s ib le  ( in o s i to l  p h o sp h a ta ses) fo r  th e  d e g ra d a tio n  o f  th e  
p h o sp h o in o s itid e s  IP S, IP 2 and IP r  IP 3 i s  known to  cau se  an in c re a s e  in  
in t r a c e l lu l a r  Ca24_ c o n c e n tra tio n s  by r e le a s in g  Ca2-4* ions from 
in t r a c e l lu la r  s to re s .  In tu rn  th is  c a u se s  p ro te in  p h o sp h o ry la tio n  by a
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c o n ta in in g  EDTA fo r  s e v e ra l  days show ex trem e d is p e rs io n  (C hallinor, 
1985). I t  i s  p o s s ib le  th a t  in t r a c e l lu l a r  Ca2"*' s to r e s  a re  d e p le te d  under 
th e s e  c o n d itio n s  and th e  a g g re g a tin g  mechanism s norm ally  r e s u l t in g  in  a 
p u n c ta te  r e s t in g  s t a t e  a re  u n ab le  to  fu n c tio n
T hese r e s u l t s  show th a t  th e  two major m elanin  a g g re g a tin g  a g e n ts  in  
t r o u t  -  MCH from th e  n e u ro in te rm e d ia te  lobe and NA from  sy m p a th e tic  
n e rv e  te rm in a ls  -  can a c t  s y n e r g is t i c a l ly  on t r o u t  m elanophores to  cau se  
p a llo r . When t r o u t  a re  p laced  on a p a le  co lou red  background th ey  show 
very  ra p id  ch rom atic  a d a p ta tio n  (R odrigues and Sum pter, 1984). T h is  i s  
a lm ost c e r ta in ly  n e u ro n a lly  induced. A lthough plasm a MCH t i t r e s  a re  
s ig n i f ic a n t ly  r a is e d  w ith in  2h a f t e r  t r a n s f e r  from a b lack  to  a  w h ite  
background (K ishida e t  al., 1989), plasm a aMSH t i t r e s  f a l l  only s low ly  
(Baker, 1988a; R odrigues and Sum pter, 1984) rem ain ing  fo r  many h o u rs  a t  
c o n c e n tra tio n s  which MCH a lo n e  would be unab le  to  o v e rr id e  (Baker, 1988a). 
T h is h ig h l ig h ts  th e  p redom inant ro le  o f th e  nerv o u s system  in  ach iev in g  
ra p id  p a llo r .  Even a f t e r  lo n g -te rm  a d a p ta tio n  to  a w h ite  background when 
th e  horm onal s t a t u s  has  s ta b i l i z e d ,  d en e rv a te d  m elanophores in  th e  t r o u t  
rem ain  f u l ly  d isp e rse d  (Baker e t  al., 1986) in  c o n t r a s t  to  th o se  o f  many 
o th e r  s p e c ie s  e.g. Poecllia la tlp inna  (Baker and B all, 1975). T h is s u g g e s ts  
th a t  th e  c i r c u la t in g  le v e l  o f  MCH in  w h ite  a d ap ted  t r o u t  rem ains  
in ad e q u a te  to  o v e rr id e  c i r c u la t in g  aMSH. The u se  o f  MCH a s  a c o lo u r -  
c o n tro l l in g  hormone a p p e a rs  to  be an e v o lu tio n a ry  n o v e lty  in  t e l e o s t  f is h . 
I t  does n o t have th i s  e f f e c t  in  o th e r  v e r te b r a te s  (Baker e t  a l., 1985; 
W ilkes e t  al.,  1984a) a lth o u g h  an MCH homologue o ccu rs  in  th e  b ra in s  o f 
a l l  v e r t e b r a te  c la s s e s  so  f a r  examined (Baker, 1988b). The f a c t  th a t  MCH 
s e c r e t io n  in  th e  t r o u t  i s  ra p id ly  in flu e n ce d  by th e  co lo u r o f  th e  
background speaks fo r  i t s  a c t iv e  p a r t ic ip a t io n  in  c o lo u r a d a p ta tio n  in  th e  
t r o u t .  N e v e r th e le ss , th e  p re s e n t  r e s u l t s  s u g g e s t  th a t ,  a t  le a s t  in  t h i s  
t e l e o s t  s p e c ie s , plasm a MCH a lo n e  may be in ad e q u a te  to  ach ieve  maximum
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v e r te b ra te  c la s s e s  so  f a r  examined (Baker, 1988b). The fa c t  th a t  MCH 
s e c re tio n  in  th e  t r o u t  i s  ra p id ly  in flu en ced  by th e  co lo u r o f th e
background speaks fo r  i t s  a c t iv e  p a r t ic ip a t io n  in  co lo u r a d a p ta tio n  in  th e  
t ro u t .  N e v e rth e le ss , th e  p re s e n t r e s u l t s  su g g e s t th a t ,  a t  l e a s t  in  t h i s  
t e l e o s t  sp e c ie s , plasm a MCH a lo n e  may be in ad e q u a te  to  ach ieve  maximum 
p a llo r . The r e l a t i v e  im portance  o f  d i f f e r e n t  a g e n ts  fo r  co lo u r change may 
vary  betw een sp e c ie s .
C H A P T E R  S  
T H E  I  ISJEI_I_JEISJGE o f  r e p e a t e d  
S T R E S S  ON T H E  S E C R E T I O N  OE  
MCH XH T H E  T R O U T
5.1. INTRODUCTION
The re sp o n se  o f v e r te b ra te s ,  in c lu d in g  f ish , to  s t r e s s f u l  c o n d itio n s  has 
been e x te n s iv e ly  s tu d ie d  because  p e r s i s te n t  o r e x c e s s iv e  s t r e s s  has very  
d e le te r io u s  e f f e c ts  on th e  anim al causing , among o th e r  resp o n se s , 
d e p re ss io n  o f th e  immune system , im paired grow th  and in c re ase d  m o rta li ty . 
The re sp o n se s  o f th e  an im al to  s t r e s s  can be d iv ided  in to  prim ary and 
secondary  re sp o n se s  (Mazeaud, 1977). The prim ary  phase i s  th a t  in  which 
th e re  i s  s tim u la tio n  o f th e  nervous and endocrine  sy stem s and th i s  le a d s  
to  th e  secondary  phase c o n s is t in g  o f o sm oregu la to ry , m etabo lic  and blood 
c e l l  p o p u la tio n  changes. One m ajor component o f th e  horm onal re sp o n se  to  
s t r e s s  i s  th e  h y p o th a la m o -p itu ita ry -a d re n a l (HPA) system . H ypothalam ic 
n e u ro s e c re to ry  ag e n ts , in c lu d in g  CRF and i t s  hom ologues such a s  th e
u ro te n s in s ;  v a so p re ss in  (or v aso toc in ); and p robab ly  o th e r  p e p tid e s  and 
amino a c id s , a re  re le a s e d  and s tim u la te  th e  c o r t ic o tro p h ic  c e l l s  o f  th e  
p i tu i ta r y  to  r e le a s e  ACTH. T his in  tu rn  s t im u la te s  th e  s y n th e s is  and
r e le a s e  o f c o r t i s o l  o r o th e r  c o r t ic o s te r o id s  from th e  a d re n a l g land  (or 
in te r r e n a l  g land  o f f is h e s ) .  I t  i s  th e s e  s te r o id s  th a t  in flu e n c e  th e
in flam m atory  and immune system s, and a f f e c t  m etabolism  and io n ic  ba lance
in f ish .
The hormone ACTH is  d e riv e d  from a much la r g e r  p re c u rs o r  m olecule, p ro ­
op iom elanoco rtin  (POMC) which i s  c leaved  to  form o th e r  p e p tid e s  such  a s  
y - l ip o tro p h in  (yLPH) and 0 -endo rph in  a s  w e ll a s  an N -te rm in a l fragm ent 
c a lle d  th e  N -term ina l POMC p e p tid e  (NPP). The pro-horm one i s  f u r th e r
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p ro cessed  in  o th e r  c e l l  ty p e s  such a s  th e  m elano trophs and nerve  c e lls ,  
to  g iv e  more fragm en ts Includ ing  th e  m elanocyte  s tim u la tin g  hormone 
(aMSH), c o r t ic o tro p h in - l ik e  In te rm e d ia te  lobe p e p tid e  (CLIP) and p-MSH. 
There i s  good ev idence to  su g g e s t th a t  th e  m elano trophs can a lso  be 
s tim u la te d  under c e r ta in  s t r e s s f u l  co n d itio n s . In mammals th e  fu n c tio n  o f 
th e  m elano trophs i s  no t known but in c re a se d  a c t iv i ty  has  been seen  in  
re sp o n se  to  s t r e s s o r s  such a s  s tro b o sc o p ic  l ig h t  (M oriarty  e t  a l ,  1975). 
In f is h  i t  was observed  th a t  c o n d itio n s  o f o th e r  m ild ch ron ic  s t r e s s ,  eg 
no ise , fu n g a l in fe c tio n  and th erm al shock cause  in c re a se d  aMSH plasm a 
t i t r e s  (Ranee and Baker, 1981; Sum pter e t  al., 1985; Sum pter e t al., 1986) 
but n o t under a l l  c o n d itio n s  te s t e d  (Sumpter e t  al., 1985; P ickering  e t  
al., 1986). A lthough aMSH was th e  'm elan o tro p h ic  p e p tid e  m easured in  th e s e  
s tu d ie s  th e  o th e r  POMC p ro d u c ts  a re  ex p ec ted  to  be re le a s e d
s im u lta n e o u sly  in  equim olar c o n c e n tra tio n s  (E ipper and Mains, 1980). One 
p roposed ro le  o f th e se  s e c re t io n s  i s  to  enhance th e  c la s s ic a l  HPI a x is  by 
p o te n t ia t in g  th e  resp o n se  o f  s te ro id o g e n ic  c e l l s  to  .ACTH (Baker and Ranee,
1981; Gilham and Baker, 1985; T akahashi e t  al., 1985).
An a d d it io n a l  hypothalam ic f a c to r  which could  m odulate th e  re sp o n se  o f 
th e  c o r t ic o tro p h s  to  CRFs and a lso  in flu e n ce  th e  m elano trophs i s  th e  
m e la n in -c o n c e n tra tin g  hormone (MCH), P rev ious s tu d ie s  su g g e s t th a t  t h i s  
can d e p re s s  th e  s e c re tio n  o f aMSH (and presum ably  a l l  a s s o c ia te d  POMC 
p e p tid e s )  from th e  m elano trophs both in vivo  (Baker e t  al., 1986) and in 
v i tro  (B arber e t  al., 1987). MCH a lso  ap p ears  to  d e p re s s  th e  s e c re to ry
a c tio n  o f  th e  c o r t ic o tro p h s . Thus MCH w ill  red u ce  th e  r e le a s e  o f CRF- 
s tim u la te d  ACTH from th e  PD in v i tro  (Baker e t  al., 1985). T his could  be a 
p h y s io lo g ic a lly  re le v a n t  e f f e c t  s in c e  f is h  m ain ta ined  under c o n d itio n s  o f 
m ild ch ro n ic  s t r e s s  on a w h ite  background (when plasm a MCH t i t r e s  a re
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h igh) have low er plasm a c o r t i s o l  t i t r e s  th an  f i s h  kept on a b lack  
background (Baker and Ranee, 1981; Gilham and Baker, 1985).
In view o f th e se  e f f e c t s  o f  MCH on th e  re sp o n se  to  s t r e s s  i t  was a ls o  o f 
i n te r e s t  to  d e te rm ine  i f  s t r e s s  can in flu e n c e  th e  r e le a s e  o f MCH, and
w hether th e  r e le a s e  o f MCH i s  s u s c e p t ib le  to  plasm a c o r t ic o s te r o id  
feedback.
5.2. MATERIALS AND METHODS
5.2.1. F ish
Adult, im m ature f is h  were o b ta in e d  from a com m ercial f is h  farm and were 
adap ted  to  e i th e r  w h ite  o r b lack  tan k s  under a p h o to p erio d  o f  18h l ig h t  : 
6h dark  a t  11 *C fo r  a t  l e a s t  2 weeks b e fo re  use. They were n o t fed
d u rin g  th i s  tim e.
5.2.2. A d m in is tra tio n  o f  S t r e s s
C on tro l f is h  rem ained u n d is tu rb e d  th ro u g h o u t each experim ent. The 
in je c tio n  o f  1ml s a lin e  (0.8% NaCl) in to  th e  p e r i to n e a l  c a v ity  w ith o u t 
a n a e s th e s ia  was used  a s  a s t r e s s .  Animals w ere u s u a lly  g iven  1 in je c tio n
per day fo r  one o r s e v e ra l  days (see in d iv id u a l e x p e rim en ta l d e ta i l s )  and
k ille d  lh  a f t e r  th e  f in a l  in je c tio n .
5.2.3. K illin g  m ethods
As in  a l l  ex p erim en ts  invo lv ing  th e  m easurem ent o f s t r e s s ,  g r e a t  c a re  was 
taken  to  d is tu rb  th e  f is h  a s  l i t t l e  a s  p o s s ib le  b e fo re  o r d u rin g  k i l l in g . 
When blood sam ples were to  be taken , f is h  w ere caught in  a s in g le  group  
and a n a e s th e t is e d  in  phenoxyethano l (1 : 1667 v /v ). Blood was c o lle c te d
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acco rd ing  to  th e  p rocedure  d e sc rib ed  in C hap ter 2. A ll f is h  w ith in  each 
group were b led  w ith in  5 min o f  ca tch ing .
5.2.4. M easurem ent o f  horm ones
A ll m easurem ents were done by RIA m ethods a s  d e sc rib ed  in  c h a p te r  2. 
Plasma MCH was determ ined  u s in g  th e  s o lid  phase method, plasm a aMSH was 
e x tra c te d  (using  th e  method o f Wilson and Morgan, 1979) and m easured 
u s in g  th e  c h a rc o a l s e p a ra te d  RIA. Plasma c o r t i s o l  t i t r e s  were m easured 
u s in g  th e  m ethod o f Baker and Ranee (1981).
5.3. RESULTS
5.3.1. A cute s t r e s s  and MCH s e c r e t io n
A s in g le  in je c tio n  o f s a l in e  d id  not a f f e c t  th e  plasm a MCH c o n c e n tra tio n  
o f w h ite -a d a p te d  f is h  1 o r 2h a f t e r  in je c tio n  bu t r a is e d  c o r t i s o l  t i t r e s  
a t  both p e rio d s . See ta b le  5.1.
T ab le  5 .1 . The e f f e c t  o f a c u te  in je c tio n  s t r e s s  on plasm a MCH and c o r t i s o l  
c o n c e n tra tio n s .
Time after n MCH Cortisol
injection pg/rn i ng/ml
1 HOUR
Control 7 93.4 ± 25,3 1.3 ±0,02
Injected 6 123,5 ± 16,8 28,4 ± 6 , 9  ***
2 HOURS
Control 7 101,0 ± 17,8 9,8 ± 1,7
Injected 7 126,3 ±21,0 171,0 ± 2 9 , 0 * * *
Results are means ± s,e,m, *** p ( 0,001 (on untransformed data) compared with 
uninjected controls
(a) Fish were adapted to a white background for 18 days and then were injected at 
13:30h with 1 ml saline (0,8 % NaCl) without anaesthesia and killed lh later,
(b) Fish were adapted to a white background for 2 weeks then were injected at 12;30h 
with 1 ml saline (0,3 % NaCl) without anaesthesia and killed 2h later,
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5.3.2. R epeated  s t r e s s  and MCH s e c re tio n
The e f f e c t  o f  re p e a te d  s t r e s s  and dexam ethasone on w h ite -a d ap te d  f ish : 
S ince a c u te  in je c tio n  s t r e s s  had no e f f e c t  on plasm a MCH t i t r e s ,  f is h
were in je c te d  d a ily  over a lo n g er period  (4 days) and k i l le d  lh  a f t e r  th e  
l a s t  in je c tio n . A second g roup  of f is h  was g iven  an in je c tio n  o f
dexam ethasone (0.5 mg/kg) in s te a d  o f s a lin e  a lone. The r e s u l t s  a re  shown
in ta b le  5.2. and f ig  5.1. A f te r  2 in je c tio n s  on th e  f i r s t  day fo llow ed by 
s e v e ra l  d a ily  in je c tio n s , plasm a MCH t i t r e s  w ere very  s ig n i f ic a n t ly  
a f fe c te d , r i s in g  to  le v e ls  n e a r ly  9 tim es th e  c o n tro l  va lu es . C o r tis o l  
t i t r e s  were a lso  ra is e d  bu t aMSH t i t r e s  were u n a ffe c te d . Dexamethasone 
a d m in is tra t io n  se v e re ly  d e p re sse d  th e  s t r e s s - in d u c e d  r i s e  in  a l l  hormone 
t i t r e s ,  a lth o u g h  a t  th e  dose g iven  (0.5 mg/kg) th e  t i t r e s  w ere no t
low ered to  c o n tro l  le v e ls .
T ab le  5.2. The e f f e c t  o f re p e a te d  s t r e s s  and dexam ethasone a d m in is tra t io n  
(0.5mg/kg) in  w h ite  adap ted  f is h  on plasm a MCH, aMSH and c o r t is o l .
Treatment n MCH aMSH Cortisol
pg/mA pg/mA ng/mA
Control 3 83.6 ± 12.6 86.7 ± 10,3 7.0 ± 1.3
Saline 8 748.1 ± 142.1 83.0 ± 18,7 111.5 ± 21.1 ***
Dexamethasone 8 152,9 ± 20,5 * s 74,4 ± 9.7 14,8 ± 1,1 ** s
Results are means i s.e.m, Statistical analysis was performed on log-transformed 
data, * p < 0,05, #* p ( 0,01, *** p ( 0,001, compared with uninjected controls, 's' p 
< 0,001 compared with saline injected fish,
Fish were adapted to a white background for two weeks and then injected with 1 ml 
saline (0,8 % NaCl) without anaesthesia twice on the first day (at 11:30 and 17; 30) 
and then once a day (11;30) for a further 3 days, They were killed lh after the last 
injection,
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Fig 5.1.
The effect of repeated stress and dexamethasone administration (0.5mg/kg) in 
white adapted fish on plasma MCH, MSH and Cortisol. Fish were adapted to 
a white background for 2 weeks and then injected with 1 ml saline (0.8 % NaCl) 
without anaesthesia twice on the first day (at 11:30 and 17:30) and then once a 
day (11:30) for a further 3 days. They were killed lh after the last injection. 
Results are means and standard errors, statistical analysis was performed on 
log-transformed data.
□  Control Saline S  Dexamethasone
* p<  0.05 p < 0.001 compared to controls,


























5.3.3. Time o f  day o f  a d m in is tra t io n  o f  s t r e s s  and MCH s e c re t io n
A s tu d y  o f th e  d iu rn a l  changes in  MCH s e c re tio n  show th a t  plasm a t i t r e s  
a re  low e a r ly  in th e  m orning th en  r i s e  s te a d i ly ,  rea c h in g  a peak a t  mid­
pho tophase and d ec lin e  t h e r e a f t e r  (V Lyon, p e rso n a l comm unication). I t  i s  
th e re fo re  p o ss ib le  th a t  th e  tim e of day could  in flu e n c e  th e  s t r e s s -  
induced r i s e  in  MCH s e c re tio n . W hite-adap ted  f is h  ( l ig h ts  on 4:30am, 
l ig h ts  o f f  10:30pm) were in je c te d  w ithou t a n a e s th e s ia  a t  e i th e r  10:30 o r 
18:00 once a day fo r  3 days w ith o u t a n a e s th e s ia  and k i l le d  lh  a f t e r  th e  
f in a l  in je c tio n . The r e s u l t s  a re  sum m arised in  T able 5.3. The r e s u l t s  show 
th a t  re p e a te d  in je c t io n - s t r e s s  s t im u la te s  th e  HPI a x is  and r a i s e s  MCH 
t i t r e s  in d ep en d en tly  o f th e  tim e o f day th a t  th e  s t r e s s  i s  app lied .
T ab le  5.3. The e f f e c t  o f  tim e o f  day when s t r e s s  i s  ad m in is te re d  on 










10:30 8 106,1 ± 14,1 174,9 ± 18,8 * 19,1 ± 4,4
18:00 8 67,2 ±4,1 149,6 ± 19,6 *** 3.3 ± 1,4 a
83.7 ± 11,7 ***
73.8 ± 7 , 2  ***
Results are means ± s.e.m, Statistical analysis was performed on log-transformed 
data, # p ( 0,05, *** p ( 0,001 compared with uninjected controls, 'a' p ( 0,01
compared with fish sampled at 10:30,
Fish were adapted to a white background for 14 days before use, They were injected 
without anaesthesia once a day at 10:30 or 18:00 with 1mA saline (0,88 NaCl) for 3 
days and killed lh after the last injection,
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Fig 5.2.
The effect of time of day when stress is administered on plasma hormone titres 
in white adapted trout. Fish were injected without anaesthesia once a day at 10:30 
or 18:00 with 1 ml saline (0.8 % NaCl) for 3 days and killed 1 h after the last 
injection
★ p < 0.05, p < 0.001 compared to uninjected controls
oo  p < 0.001 compared to fish sampled at 10:30
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5.3,4. The e f f e c t  o f background co lou r, re p e a te d  s t r e s s  and dexam ethasone 
a d m in is tra t io n  on MCH s e c re t io n
I t  was in v e s t ig a te d  w hether MCH t i t r e s  could be ra is e d  in  resp o n se  to  a 
re p e a te d  s t r e s s  i r r e s p e c t iv e  o f background c o lo u ra tio n . As can be seen  
from th e  r e s u l t s  in  ta b le  5,4. and f ig  5.3., in je c tio n  o f  s a l in e  w ithou t 
a n a e s th e s ia  s t r e s s e s  th e  anim al, th u s  s tim u la tin g  th e  HPI ax is , r e s u l t in g  
in  e le v a te d  c o r t i s o l  t i t r e s .  A dd itio n a lly , th e  co lour-change-horm one t i t r e s  
a re  r a is e d  fo llow ing  th i s  re p e a te d  s t r e s s ,  bu t th e  re sp o n se  was se v e re ly  
m odulated by th e  background co lour. In a w h ite -a d a p te d  anim al, in  which 
th e  plasm a MCH t i t r e s  a re  a lre a d y  h igh, only  th e  MCH le v e ls  a re  f u r th e r  
ra is e d  w ith  re p e a te d  s t r e s s ;  th e  aMSH t i t r e s  a re  n o t s ig n i f ic a n t ly  ra is e d . 
C onversely, in  b lack -ad ap ted  f is h  MCH v a lu es  a re  u n a ffe c te d  by s t r e s s  bu t 
th e  plasm a aMSH v a lu e s  a re  s ig n i f ic a n t ly  in c re ase d . Dexam ethasone 
m arkedly d ep re sse d  th e  s tr e s s - in d u c e d  r i s e  o f  a l l  hormones.
T able  5.4. The e f f e c t  o f background co lou r, re p e a te d  s t r e s s  and 











9 90.4 ± 9,8
7 373,3 ± 102,3 **





296,2 ± 56,4 ***





8 50,3 ± 7.2 ww
6 35,1 ± 1,9 www
9 45,9 ± 5.9 ww
148,8 ± 18,5
330.0 ± 70,6 **
107.0 ± 15,6 ss
32,7 ± 9 , 8
333,2 ± 46,4 ***
52,4 ± 22,3 sss
Results are means ± s.e.m, Statistical analysis was performed on log-transformed 
data, * p < 0,05, #* p < 0,01, *** p i 0,001 compared with uninjected controls, 'ss' 
p < 0,01 , 'sss' p i 0,001 compared with saline injected fish, 'ww' p ( 0,01, 'www' p 
< 0,001 compared with white-adapted counterparts,
Fish were adapted to either white or black backgrounds for 2 weeks, then injected 
without anaesthesia once a day (10;30) for 4 days with 1 mil saline (0,8 % NaCl) or 
dexamethasone (0,5 mg/kg), They were killed lh after the final injection,
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Fig 5.3.
The effect of background colour, repeated stress and dexamethasone 
administration on plasma hormone titres. Fish were adapted to either 
white or black tanks for 2 weeks then injected without anaesthesia once 
a day (10:30) for 4 days with 1 ml saline (0.8 % NaCl) or dexamethasone 
(0.5 mg/ kg) and killed 1 h after the last injection. Results are arithmetical 
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5.3.5. The e f f e c t  o f  s t r e s s  o v e r tim e  on MCH and c o r t i s o l  s e c re t io n
In o rd e r  to  de term ine  how many tim es i t  was n e c e ssa ry  to  re p e a t a  s t r e s s  
in o rd e r  to  e l i c i t  an in c re a s e  in  plasm a MCH le v e ls , f is h  were in je c te d  
d a ily  over s e v e ra l  d i f f e r e n t  p e rio d s  o f tim e. W hite -adap ted  t r o u t  were 
g iven  one in je c tio n  o f s a l in e  a day fo r  2, 4, 6 o r 8 days, and u su a lly  
k i lle d  lh  a f t e r  th e  f in a l  in je c tio n . C on tro l f is h  w ere k i l le d  on th e  f i r s t  
day w ith o u t any s t r e s s .  The r e s u l ta n t  hormone v a lu e s  a re  sum m arised in  
T able 5.5. and Fig 5.3. In t h i s  experim ent, an in c re a s e  in  MCH t i t r e s  was 
observed  by th e  second day but then  showed a g ra d u a l d e c rease  over 
su c c e s s iv e  days. The c o n c e n tra tio n  o f MCH m easured in  f is h  in je c te d  fo r  2 
days was s ig n i f ic a n t ly  h ig h e r  than  MCH t i t r e s  in  any o f th e  o th e r  
in je c te d  g roups, a lth o u g h  th e i r  v a lu e s  u s u a lly  rem ained s ig n i f ic a n t ly  
h ig h e r  th an  th o se  o f u n in je c te d  c o n tro ls . Plasm a c o r t i s o l  t i t r e s  peaked a t  
4 days s t r e s s  and then  d ec lin ed  g rad u a lly . A ll g roups su b je c te d  to  
in je c tio n  s t r e s s  (even th o se  showing a p p a ren t h a b itu a tio n )  have plasm a 
c o r t i s o l  t i t r e s  th a t  a re  s ig n i f ic a n t ly  h ig h e r  th an  th e  c o n tro l  group,
T ab le  5 .5 . The e f f e c t  o f s t r e s s  over tim e on c o r t i s o l  and MCH s e c re tio n .
Treatment n MCH Cortisol
pg/mt ng/mt
Control 7 159,3 ± 12.2 4.8 ± 1,3
Injected 2 days
■ 4 days (30 min)
" 4 days (1 hr)
H 6 days
“ 8 days
1 378,9 ± 47,2 *** 45.6 ± 7 , 3  ***
1 222,9 ±24, 7 aa 60,1 ± 9 . 5  ***
1 243,0 ± 20,1 ** a 79,6 ± 6,7 ***
I 189,4 ±27,5 a 33,2 ± 10,3 ***
1 242,8 ± 22,9 ** a 20,4 ± 3.4 ***
Results are means ± s.e.m, Statistical analysis was performed on log-transformed 
data, * p ( 0,05, ** p < 0,01, *** p < 0,001 compared with uninjected controls, 'a' p 
( 0,05, 'aa' p < 0,01 compared to 2 day injected fish, Fish were adapted to a white
background for 14 days before use, Controls were killed on the first day, and the
remaining fish were injected once a day for 2, 4, 6 or 8 days between 10:30 and 11:00
with InA saline (0,8% NaCl), They were killed lh after the final injection (unless
indicated),
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Fig 5.4.
The effect of stress over time on cortisol and MCH secretion. Fish were adapted 
to white tanks for 2 weeks before use. Controls were killed on the First day of the 
experiment and the remaining fish were injected once a day between 10:30 and 
11:00 for 2, 4, 6, or 8 days with 1 ml saline (0.8 % NaCl). They were killed 1 h 
after the final injection. Results are arithmetic means and standard errors, 
statistical analysis was performed on log-transformed data.
□ Control b d  Injected
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5.3.6. The recovery  o f plasm a MCH and c o r t i s o l  t i t r e s  a f t e r  re p e a te d  
s t r e s s
W hite-adap ted  f is h  were d iv ided  in to  7 g roups h e ld  in  s e p a ra te  tanks. 
Three g ro u p s were u n d is tu rb ed  fo r  th e  d u ra tio n  o f  th e  experim ent and 
se rv ed  a s  c o n tro ls . Four g ro u p s o f f is h  w ere in je c te d  d a ily  a t  10 m inute 
in te r v a ls  betw een 10:30 and 11:00 over 3 days and were k i l le d  1, 3, 8, and 
23h a f t e r  th e  f in a l  in je c tio n . The c o n tro l  g ro u p s were k i l le d  a t  10:30, 
13:30 and 18:00 o f th e  th i r d  day. The r e s u l t s  a re  shown in ta b le  5.6. and 
f ig  5.5. Plasm a MCH t i t r e s  were in c re ase d  lh  a f t e r  th e  l a s t  in je c tio n . 
A fte r  3 h o u rs  v a lu e s  had f a l le n  to  p r e - in je c t  ion v a lu e s  bu t a f t e r  8 h ou rs  
v a lu e s  w ere s ig n i f ic a n t ly  h ig h e r  in  in je c te d  g ro u p s compared to  th e  
18:00h c o n tro ls . C ontro l f is h  k i lle d  a t  18:00 showed MCH le v e ls  
s ig n i f ic a n t ly  low er than  th e  an im als k i lle d  a t  10:00 w hereas th e  in je c te d  
f is h  show MCH plasm a t i t r e s  s im ila r  to  th o se  u n in je c te d  f is h  k i l le d  a t  
10:00. T h e re fo re  re p e a te d  in je c t io n - s t r e s s  has  th e  e f f e c t  o f i n i t i a l l y  
r a is in g  th e  MCH plasm a t i t r e  bu t may a lso  r e s u l t  in  pro longed  e le v a te d  
t i t r e s  a t  th e  n a d ir  phase o f  th e  d iu rn a l  rhythm . T his p a t te rn  i s  seen  
a lso  in  th e  c o r t i s o l  p r o f i le  fo r  in je c te d  and c o n tro l  f ish .
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Table 5.6. The rec o v e ry  o f plasm a MCH and c o r t i s o l  t i t r e s  a f t e r  re p e a te d  
s t r e s s .
Hours MCH Cortisol
(after last pg/nt ng/ni
injection) n Control Injected Control Injected
0 8 106,1 1 14,1 19.1 1 4,4
1 8 174,9 118,8 * 83,7 1 11,7 ***
3 8 80,4 112,5 102,7 115,3 a 23,3 15.9 18,3 16,2 a
8 8 67,2 1 4,1 122/4 1 5,2 *** a 3,3 1 1,4 bb 22,4 16,1 * a
23 8 83,6 1 10,9 aaa 13,6 1 3,6 aaa
Results are means l s.e.m, Statistical analysis was performed on log-transformed data, * p < 
0,05, ** p < 0,01, *** p ( 0,001 compared with uninjected controls, 'a' p 4 0,05, 'aaa* p < 0,001
compared to fish sampled 1 hour after injection, 'bb' p < 0,01 compared to fish sampled at t=0
(10:30),
Fish were adapted to a white background for 14 days before use, They were injected without
anaesthesia once a day at 10:30 for 3 days and killed lh after the last injection,
Fig 5.5.
The effect of repeated stress and recovery on plasma hormone titres. Fish were adapted 
to white tanks for 2 weeks then injected without anaesthesia once a day for 3 days and 
killed 1, 3, 8 or 23 h after the last injection. Results are arithmetic means and standard 
errors, statistical analysis was performed on log-transformed data.
I I Control Injected
★ p < 0.05, ★ ★ ★ p < 0.001 compared to uninjected fish
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The d a ta  from th e  p reced ing  ex p e rim en ts  w ere c o lla te d  In a s in g le  ta b le  
to  se e  i f  th e re  was any a p p a re n t r e la t io n s h ip  betw een th e  s tr e s s - in d u c e d  
MCH and c o r t i s o l  re sp o n ses . The d a ta  shows th a t  re p e a te d  s t r e s s  c a u se s  an 
in c re a se  in  both  plasm a MCH and c o r t i s o l  v a lu e s . The r e l a t iv e  in c re a s e  in  
plasm a MCH, fo llow ing  s t r e s s ,  v a rie d  in  d i f f e r e n t  ex p erim en ts  betw een 1.2 
and 8.9 ( ta b le  5.7., F ig 5.6.). T here was no s t r i c t  r e la t io n s h ip  betw een th e  
two; in  o th e r  words, a h igh  in c re a s e  in  p lasm a c o r t i s o l  was n o t 
n e c e s s a r i ly  linked  to  e q u a lly  h ig h  re sp o n se  in  MCH s e c re tio n  o r v ic e -  
v e rsa .
T ab le  5.7. Summary o f  a l l  e x p e rim e n ta l d a ta  show ing v a r ia t io n  in  plasm a 
t i t r e s  o f  MCH and c o r t i s o l  in  f is h  k i l le d  1 h a f t e r  th e  l a s t  in je c tio n . 
R e su lts  a re  means ± s.e.m.







5.3.2,* 4/5 83,6 i 12,6 748,1 i 142,1 8.9 7.0 t 1,3 111,5 ± 21,1 15.9
5,3.3, 3/3 106,1 i 14,1 174,9 i 18,8 1,6 19,1 t 4,4 83,7 ± 11,7 4,3
•1 i 3/3 67,2 i 4,1 149,6 ± 19,6 2,2 3.3 i 1,4 73,8 ± 7,2 22,3
5.3,4, 4/4 30,4 i 9.8 373,3 i 102,3 4.1 15,1 t 4,3 296,2 i 56,4 19,6
5.3,5, 2/2 159,3 i 12,2 378,9 i 47,2 2,3 4.8 t 1.3 45,6 ± 7,3 9,5
'' 3 4/4 222,9 i 24,7 1.4 60,1 i 9,5 12.5
1 1 4/4 248,0 i 20,1 1.6 79,6 ± 6.7 16,5
1 I 6/6 189,4 i 27,5 1,2 38,2 i 10,3 8.0
t 1 8/8 242,8 t 22,9 1,5 20,4 i 3,4 4,3
In all experiments, fish were injected1 at 10:30 and killed lh after the final
injection with the following exceptions:
1 Fish injected at 11;30 and 17;30 on the first day, then at 11;30 for remaining
days.
2 Fish injected at 18;00,
3 Fish killed 30 min after final injection.
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5.4. DISCUSSION
The r e s u l t s  re p o r te d  he re  show th a t  MCH plasm a c o n c e n tra tio n s  can be 
in c re a se d  by re p e a te d  s t r e s s .  T his re sp o n se  i s  s u b je c t  to  n e g a tiv e  
feedback by c o r t ic o s te ro id s ,
The e f f e c t  i s  seen  only in  w h ite -a d a p te d  f i s h  in  which plasm a MCH t i t r e s  
a re  a lre a d y  high, I t  seem s th a t  th e  c o n tro l  o f MCH r e le a s e  i s  s u b je c t  to  
many in p u ts  both  s tim u la to ry  and in h ib ito ry . The pathw ay c o n tro l lin g  MCH 
in  re sp o n se  to  co lo u r change a p p ears  to  be dom inant, so  th a t  in  b lack - 
adap ted  f is h  th e  n e t in h ib i to ry  e f f e c t  on MCH r e le a s e  p re v e n ts  th e  
r e le a s e  o f  th e  hormone in  re sp o n se  to  s t r e s s .  An i n te r e s t in g  p a r a l le l  h e re  
i s  th e  re sp o n se  o f aMSH to  s t r e s s  seen  in  th e  p re s e n t  work and a ls o  
p re v io u s ly  re p o r te d  by Gilham and Baker (1985). R epeated  s t r e s s  induced 
in c re a s e s  in  th e  r e le a s e  o f  aMSH which w ere s e n s i t iv e  to  a n e g a tiv e  
feedback by dexam ethasone. T h is  phenomenon was o b se rv ed  only in  b lack - 
adap ted  an im als w here plasm a aMSH t i t r e s  w ere a lre a d y  h igh , n o t in  w h ite -  
adap ted  an im als in  which th e  s e c re to ry  a c t iv i ty  o f  th e  m elano trophs i s  
in h ib i te d  a s  a  r e s u l t  o f  v is u a l  in fo rm ation .
A s in g le  s t r e s s ,  in  th e  form o f  an in je c tio n  w ith o u t a n a e s th e s ia , i s  
in e f f e c t iv e  in  r a i s in g  th e  MCH plasm a t i t  r e  o f  w h ite -a d a p te d  t r o u t ,  
a lth o u g h  plasm a c o r t i s o l  t i t r e s  a r e  ra is e d , a s  would be expected , one o r 
two h o u rs  a f t e r  th e  s t r e s s .  However, when th e  same s t r e s s  i s  a d m in is te red  
on two o r  more c o n sec u tiv e  days, MCH plasm a t i t r e s  a re  in c re ase d . T his 
s u g g e s ts  th a t  th e  i n i t i a l  s t r e s s  m ust have a l t e r e d  th e  n e u ro lo g ic a l 
a n d /o r  e n d o c rin o lo g ic a l s t a t e  o f  th e  f is h  such  th a t  i t  now responds to  
th e  r e p e a te d  s tim u lu s  w ith  r a i s e d  MCH r e le a s e .  I t  i s  n o t c le a r  what 
f a c to r s  a re  involved in  t h i s  change o f  r e s p o n s iv e n e s s  bu t i t  could  be 
due, fo r  in s ta n c e , to  a change in  th e  num ber o f  n e u ro tr a n s m it te r
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r e c e p to r s  on th e  MCH neu rones a f t e r  exposu re  o f th e  f is h  to  a s in g le  
s t r e s s .  A s im ila r  in c re a s e  in  re sp o n s iv e n e ss  i s  shown by f is h  
g onado trophs to  LHRH a f t e r  a prim ing in je c tio n  o f  LHRH (Crim e t  al,,
1981). In  r a t s ,  in v e s t ig a t io n s  in to  th e  changes in  th e  HPA a x is  w ith  a 
s im ila r  reg im e o f re p e a te d  s t r e s s  has  been re p o r te d  (Young and Akil, 
1985). The n e u ro lo g ic a l s t a t e  o f  r a t s  was d e m o n s tra ted  to  a l t e r  w ith  
d i f f e r e n t  form s o f  s t r e s s  and was p o s tu la te d  to  in v o lv e  re c e p to r  changes. 
Such m echanism s may be o p e ra tin g  in  th e  f is h  HPI a x is  in  th e  a d a p ta tio n  
o f c o r t i s o l  s e c re tio n  to  ch ron ic  o r re p e a te d  s t r e s s  and such  changes may 
be r e l a te d  to  th e  MCH resp o n se  d e sc rib ed  h e re . T here  may be in n e rv a tio n  
o f th e  MCH neu rones by CRF o r  o th e r  n eu ro n es and changes in  th e  re c e p to r  
le v e ls  o r s e n s i t i v i t i e s  on th e s e  c e l l s  may be invo lved  in  th e  t r ig g e r in g  
o f th e  MCH response .
Dexam ethasone and presum ably o th e r  c o r t ic o s te r o id s  can feedback and 
red u c e  th e  resp o n se  o f th e  MCH c e l l s  to  s t r e s s ,  p o s s ib ly  a c tin g  d i r e c t ly
on th e  MCH neurones o r a t  th e  MCH nerv e  te rm in a ls  in  th e  NIL, a lth o u g h
o th e r  s i t e s  o f  a c tio n  a re  a ls o  p o ss ib le . For in s ta n c e , i t  i s  known th a t
dexam ethasone w ill  d e p re ss  CRF s e c re tio n  (Suda e t  al., 1984; Jingam i e t  
ah, 1985) a lth o u g h  th e  e f f e c t  i s  n o t a s  marked a s  th a t  on th e  p i tu i ta r y .  
I f  CRF w ere involved in  th e  s t r e s s - a c t i v a t e d  pathw ay which enhances th e  
r e le a s e  o f  MCH, th en  dexam ethasone w il l  in e v i ta b ly  su p p re s s  th e  MCH 
re sp o n se  a s  w e ll a s  th e  c o r t ic o tro p h  re sp o n se  to  s t r e s s .
The d e g re e  to  which th e  an im als respond  to  th e  s t r e s s  o f  in je c tio n  v a rie d  
in  d i f f e r e n t  experim en ts, no t only  in  th e  MCH re sp o n se  bu t a ls o  in  th e  
c o r t i s o l  re sp o n se  (see  ta b le  5 .7 .). The f a c to r  o f  in c re a s e  in  MCH s e c re tio n
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v a r ie s  betw een 1.2 and 4.0 (mean 2.0 ± 0.3, n=8> w ith  one excep tion , 
experim en t 5 .3 ,3 . when th e  f is h  w ere in je c te d  tw ice  on th e  f i r s t  day. When 
p lo t te d  a g a in s t  th e  changes in  plasm a c o r t i s o l  t i t r e s ,  th e r e  i s  a p p a re n tly  
no p r e c is e  r e la t io n s h ip  betw een th e  in te n s i ty  o f  th e  two re sp o n se s  (see 
f ig  5 .6 .). Even u n in je c te d  c o n tro l  f is h  show v a r ia t io n  in  t h e i r  plasm a MCH 
t i t r e s .  T h is  v a r i a b i l i ty  in  hormone v a lu e s  i s  no t due to  a s sa y  a r t e f a c t ,  
s in c e  m easurem ents o f  MCH by two d i f f e r e n t  m ethods y ie ld e d  s im ila r  
v a lu e s  (r=0.938, K ish ida e t  al., 1989). Many horm ones show a d iu rn a l  
rhythm  in  s e c re tio n , fo r  example c o r t i s o l  (Ranee and Baker, 1981; 
P ic k e rin g  and P o ttin g e r , 1983), and MCH is  no ex c ep tio n . L ig h ts -o n s e t  i s  
th e  t r i g g e r  fo r  MCH s e c re t io n  and t i t r e s  peak a t  mid pho tophase  b e fo re  
d e c lin in g  th ro u g h  th e  r e s t  o f  th e  day and on in to  th e  n ig h t (V Lyon, 
p e rs o n a l com m unication). In  mammals th e re  i s  ev idence  th a t  i t  i s  more 
d i f f i c u l t  to  e l i c i t  a s te r o id  re sp o n se  d u rin g  th e  n a d ir  o f  c o r t ic o s te ro n e  
s e c r e t io n  (Gibbs, 1970; Dunn e t  al., 1972). T here  i s  no ev idence  to  
s u g g e s t  such  a r e f r a c to r y  p e rio d  fo r  th e  s t r e s s - r e l a t e d  re sp o n se  o f 
e i t h e r  MCH and c o r t i s o l  in  t r o u t .  F ish  in je c te d  a t  18:30 showed th e  same 
in c re m e n ta l r i s e  in  plasm a c o r t i s o l  and MCH as  f is h  in je c te d  a t  10:30. I t  
i s  c le a r  th a t  f a c to r s  o th e r  th an  th e  d a ily  in je c t io n  m ust m odulate th e  
s e n s i t i v i t y  o f  MCH neu ro n es to  s t r e s s .  C o r t is o l  feedback  i s  a p o ss ib le  
f a c to r ,  a h i s to r y  o f  ch ron ic  s t r e s s  w ith  r a is e d  c o r t i s o l  t i t r e s  would be 
l ik e ly  to  a l t e r  th e  s e n s i t iv i ty  to  a su b seq u en t s t r e s s .
In summary, b a s a l  s t r e s s  was v a r ia b le  in  d i f f e r e n t  ex p erim en ts  a s  
in d ic a te d  by c o n tro l  b a s a l  c o r t i s o l  v a lu es . The re s p o n s iv e n e s s  o f MCH 
n e u ro n e s  a ls o  v a rie d  and th i s  could be due to  s e v e r a l  d i f f e r e n t  f a c to r s  
(a) th e  re sp o n se  may have been d ep ressed  by c h ro n ic a lly  e le v a te d  c o r t i s o l  
t i t r e s  b e fo re  th e  s t a r t  o f  th e  experim ent (b) th e  re sp o n se  may be 
in c re a s e d  due to  re p e a te d  p r io r  s t r e s s ,  which c u r re n t  ex p e rim en ts  have
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shown may enhance th e  resp o n se  o f  th e  MCH n eu ro n es . C o r t is o l  t i t r e s  a ls o  
vary  s u g g e s t in g  d if fe re n c e s  in  b a s a l  le v e ls  o f  s t r e s s  and t h i s  p robab ly  
r e f l e c t s  th e  c o n d itio n s  p re v a le n t in  th e  aquarium . I t  p roved  im p o ss ib le  to  
c o n tro l  c e r ta in  f a c to rs ,  such a s  th e  q u a li ty  o f  th e  ru n n in g  ta p  w a te r o r 
in te r a c t io n  betw een f is h  w ith in  g roups such a s  b u lly in g  by a dom inant 
t r o u t ,  which cou ld  c o n tr ib u te  to  mild ch ron ic  s t r e s s .
I t  i s  c le a r  th a t  th e re  could  be in te r a c t io n  betw een MCH and th e  HPI a x is . 
MCH i s  r e le a s e d  d u rin g  chron ic  s t r e s s  and th en  may a c t to  m odulate and 
d e p re s s  th e  HPI a x is  to  f u r th e r  s t r e s s  as  s u g g e s te d  by Baker e t  al., 
<1985; 1986). The s i t e  o f a c tio n  o f t h i s  d e p re s s iv e  e f f e c t  o f  MCH w il l  be 
d isc u s s e d  f u r th e r  in  th e  n ex t ch ap te r.
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C H A P T E R  O
T H E  E F F E C T  OF* R E A R  I N G  ON  
EL-ACIC OR WPTI T E  B A C K G R O U N D S  
ON IVIOM A N D  T H E  S E N S I T I V I T Y  
OE R A I N B O W  T R O U T  T O  S T R E S S
6.1. INTRODUCTION
P rev ious work has  shown th a t  f is h  m ain ta ined  on a b lack  background 
s e c r e te  more c o r t i s o l  in  re sp o n se  to  m oderate  s t r e s s  th an  w h ite -a d a p te d  
f is h  (Ranee and Baker, 1981; Gilham and Baker, 1985). T h is d if f e re n c e  in  
re s p o n s iv e n e ss  could  be due to  e i t h e r  th e  a c tio n s  o f MCH in  w h ite -a d a p te d  
f ish , th e  e f f e c t  o f  aMSH on b lac k -ad a p te d  f is h  o r  o th e r  f a c to r s ,  p o s s ib ly  
p sy ch o lo g ica l, n o t in v o lv ing  th e s e  two hormones.
The work d e sc r ib e d  in  th i s  c h a p te r  exam ines how p ro longed  a d a p ta tio n  to  
b lack  o r  w h ite  background c o lo u r a f f e c t s  th e  HPI a x is  and in v e s t ig a te s  
p o s s ib le  s i t e s  in  th e  HPI a x is  -  hypothalam ic, p i t u i t a r y  and in te r r e n a l  -  
which a r e  s e n s i t iv e  to  m odu la tion  by MCH.
6.2. MATERIALS AND METHODS
6.2 .1 . F ish
Eyed eg g s  w ere o b ta in ed  from Bibury H atchery  and th e  f r y  w ere r e a re d  in  
e i th e r  w h ite  o r  b lack  tan k s  fo r  15 m onths, a f t e r  which tim e th ey  w eighed 
150-200g. During th e  f i r s t  3 m onths o f r e a r in g  th ey  w ere kept under 
co n tin u o u s  l ig h t  and th e r e a f t e r  on 18h L : 6h D. F ish  w ere fed  com m ercial 
t r o u t  food acco rd in g  to  m a n u fa c tu re rs  in s t r u c t io n s .  Some im m ature f i s h  o f  
com parable s iz e  (~200g) w ere a ls o  o b ta in ed  from a lo c a l  f i s h  farm .
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6.2.2. A dm inistration o f  S tr e s s
C ontro l f is h  rem ained u n d is tu rb e d  th roughou t each experim ent. Some f is h  
were m ild ly  d is tu rb e d  by d a ily  a c t iv i ty  in  th e  aquarium . The in je c tio n  o f 
lm l s a l in e  (0.8% NaCl) w ith o u t a n a e s th e s ia  in to  th e  p e r i to n e a l  c a v ity  was
used  a s  an in te n s e  s t r e s s .  Animals were g iven  1 in je c tio n  p e r day fo r
fo u r days and k i l le d  lh  a f t e r  th e  f in a l  in je c tio n .
6.2.3. K illin g  methods
To avo id  a d d it io n a l  s t r e s s  when blood sam ples were to  be taken , f is h  w ere 
caught in  a s in g le  group  and a n a e s th e t is e d  to g e th e r  in  phenoxyethano l 
<1:1667, v /v ). Blood was c o lle c te d  acco rd ing  to  th e  p rocedu re  d e sc rib ed  in  
C hapter 2. A ll f is h  w ith in  each  group were b led  w ith in  1-5 min o f  
c a tch in g . F ish  used  fo r  in v i tr o  in cu b a tio n s  w ere d e c a p ita te d  w ith o u t 
a n a e s th e s ia ,
6.2.4. E xtraction  o f  hypothalam i and p ltu lta r le s
H ypothalam i and th a la m i w ere removed ra p id ly  and s e p a ra te d  in to  th e
v e n tr a l  p a r t  c o n ta in in g  th e  MCH p e rik a ry a , and th e  d o r s a l  p a r t  in c lu d in g  
th e  p o s te r io r  com m issure. P i tu i t a r i e s  were s e p a ra te d  in to  NILs and PDs. 
Each frag m en t was in d iv id u a lly  e x tr a c te d  in  500 ji! 0.1 M HC1 (on ice ), and 
s o n ic a te d  fo r  30 sec. E x tra c ts  were c e n tr ifu g e d  and th e  s u p e rn a ta n t 
s to re d  in  a l iq u o ts  a t  -20*  u n t i l  a ssa y . E x tra c ts  w ere d i lu te d  b e fo re  u se  
and th e  pH was a d ju s te d  to  abou t 7.6 w ith  10 % T r is  w here n e c essa ry .
6.2 .5 . D issec tio n  o f  brain and p itu ita r y  t is s u e  fo r  in vitro Incubations
H ypothalam i w ere rem oved im m ediately  a f t e r  d e c a p ita t io n , ta k in g  th e  e n t i r e  
h y p o th a lam ic / tha lam ic  re g io n  betw een th e  l a t e r a l  s u lc i ,  and from th e  mid 
sacc u s  v a sc u lo su s  to  th e  o p t ic  chiasm a. The p i tu i t a r y  p a rs  d i s t a l i s  (PD)
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was cu t from th e  r e s t  o f th e  gland, rem oving a l l  p a rs  in te rm e d ia  (PI) 
c e l l s  a s  f a r  as  p o ss ib le . Hypothalam i were in d iv id u a lly  p re - in c u b a te d  in  
400 p i o f  E ag les ' minimum e s s e n t ia l  medium (MEM) c o n ta in in g  Hank's s a l t s  
and Hepes B u ffer (Flow L a b o ra to rie s ) . PDs were in cu b a ted  in  300 p i o f th e  
same medium. In cu b a tio n s  w ere done a t  11* in  p o ly s ty re n e  2 4 -w e ll  p la te s  
( S te r i l in  L td) p laced  in  s e a la b le  p la s t ic  bags, g a sse d  w ith  oxygen and 
a g i ta te d  g e n tly . A fte r  th e  hypothalam i had p re - in c u b a te d  fo r  lh , th e  
medium was renew ed and th e  t i s s u e  was l e f t  to  in c u b a te  fo r  a f u r th e r  
hour. MCH was immunoabsorbed from th e  medium to  p re v e n t i t s  su b seq u en t 
in h ib i to ry  e f f e c t  on th e  PD. Neat a n tise ru m  (30 p i /  300 p i  medium) was
added e i t h e r  a t  th e  beg inn ing  o f  th e  hypothalam ic in c u b a tio n  p e rio d  o r  a t  
th e  th e  end, when th e  hypothalam ic fragm ent was removed and th e  medium 
l e f t  fo r  30 min b e fo re  i t s  a d d it io n  to  th e  p i tu i t a r y  t i s s u e .  The PDs were 
p re - in c u b a te d  fo r  2 -2 .5h and th e i r  medium was th en  re p la c e d  w ith  300 p i 
f re s h  MEM (c o n tro ls )  o r w ith  300 p i  hypothalam ic in c u b a tio n  medium. A f te r  
a f u r th e r  30 min in cu b a tio n  th e  medium was c o lle c te d  and s to re d  a t  -20*  
to  aw ait a ssa y . (See f ig  6 .1 .)
6.2.6. D issec tio n  o f  in terren a l t is s u e  and in vitro incubations
In te r r e n a l  t i s s u e  in  t r o u t  i s  n o t a d is c r e te  o rgan  b u t o ccu rs  w ith in  th e  
m atrix  o f  th e  p ro n ep h ric  o r  *head' kidney. T h is  t i s s u e  from w h ite -a d a p te d  
farm  f is h  was se p a ra te d  s a g i t t a l l y  in to  r ig h t  and l e f t  h a lv e s , f re e d  from 
co n n ec tiv e  t i s s u e  and d iced  in to  cubes <lmm3. The m acera ted  t i s s u e  was 
th en  t r a n s f e r r e d  to  a po lyp ropy lene  tu b e  c o n ta in in g  3 ml o f  in cu b a tio n
medium. The medium was Hanks’ ba lanced  s a l t  s o lu t io n  (HBSS) w ith  0.5 % 
BSA, pH 8 . Tubes w ere tum ble-m ixed  on a S tu a r t  r o ta t o r  a t  -3 0  rpm. The
t i s s u e  was g iven  two p re - in c u b a tio n s  o f  lfch each, th e  medium changed a t
Fig 6.1.
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th e  end o f  each period . At th e  end o f  t h i s  tim e, b a s a l  c o r t i s o l  r e le a s e  
was a tta in e d . T issu e  was th en  r in s e d  b r ie f ly  in  2 ml medium and g iven  a 
p re - s t im u la to ry  in cu b a tio n  fo r  lh  in  3 mi medium, to  m easure b a sa l  
c o r t i s o l  r e le a s e .  A fte r  th e  p re - s t im u la to ry  in cu b a tio n , th e  medium was 
rep la ce d  a g a in  and th e  t i s s u e  was s t im u la te d  w ith  ACTHi-g* fo r  lh . A ll 
sam ples were s to re d  a t  - 2 0 * u n t i l  a ssay .
6.2.7. E xtraction  o f  c o r t is o l  from incubation medium
The c o r t i s o l  from an a p p ro p r ia te  volume o f  in c u b a te  (u su a lly  10 p !) was 
e x tr a c te d  in to  2  ml o f  d i s t i l l e d  d ie th y l  e th e r  ( s to re d  over sodium w ire). 
The tu b e s  w ere vortexed , th en  p laced  in  a  f re e z in g  m ix tu re  o f  ace to n e  and 
c a rd ice . The un frozen  so lv e n t was d ecan ted  in to  a f re s h  tu b e  and d r ie d  
under vacuum.
6.2.8. Measurement o f  hormones
A ll m easurem ents were done by RIA m ethods a s  d e sc r ib e d  in  c h a p te r  2. 
Plasma MCH was determ ined  u s in g  th e  s o lid  phase  method, t i s s u e  MCH 
c o n c e n tra tio n s  were m easured by co n v e n tio n a l RIA w ith  c h a rco a l 
s e p a ra tio n . Plasma c o r t i s o l  t i t r e s  w ere m easured  u s in g  th e  method o f 
Baker and Ranee (1981). NPP-1 was m easured u s in g  th e  RIA a s  d e sc rib ed  by 
T akahashi e t  al. (1987).
6.3. RESULTS
6.3.1. Di vivo s tu d ie s  o f  th e  HPI a x is
6 .3.1.1. The in flu e n c e  o f  background co lo u r and r e a r in g  c o n d itio n s  on th e  
plasm a and t i s s u e  MCH t i t r e s  and re sp o n s iv e n e ss  o f  th e  HPI a x is  to  
r e p ea te d  s t r e s s  F ish, re a re d  fo r  15 m onths in  e i t h e r  w h ite  o r b lack 
tan k s, w ere d iv ided  in to  3 g ro u p s from e i th e r  background co lou r
Chapter 6
com prising  one c o n tro l  and two ex p e rim en ta l g ro u p s. The c o n tro l  b lack -
and w h ite - re a re d  f is h  (Group A) were sam pled from th e  s to c k  tan k s  in  
which th ey  had been re a re d  (White, Black, u n s tre s s e d ) . W h ite -reared  f is h  
had h ig h e r  plasm a MCH t i t r e s  th an  b la c k - re a re d  f i s h  and low er b a sa l  
c o r t i s o l  le v e ls  (Table 5.1., F ig  6.2.). B lack- and w h ite - re a re d  f is h  in  
Group B w ere a l l  t r a n s f e r r e d  to  c lean  w h ite  ta n k s  and l e f t  fo r  11 days 
(W->W and B-*W, mild n o ise  d is tu rb a n c e ) . Both g ro u p s  show r a is e d  plasm a
MCH t i t r e s .  T his a n tic ip a te d  in c re a s e  in  th e  b la c k - re a re d  t r o u t  i s  an 
a d a p ta tio n  to  background co lou r; th e  in c re a s e  to  much h ig h e r  v a lu e s  in  
th e  w h ite -a d a p te d  f is h  may have been due e i t h e r  to  th e  tan k s being  a 
c le a n e r , b r ig h te r  w h ite  compared to  th e  s to c k  tan k  o r  because  th e  f is h  
w ere s l i g h t ly  s t r e s s e d  by t r a n s f e r  to  th e i r  new env ironm ent, a s  in d ic a te d  
by th e  r i s e  in  plasm a c o r t i s o l  t i t r e s .  There was no s t a t i s t i c a l  d i f f e re n c e  
betw een th e  plasm a c o r t i s o l  v a lu e s  o f  t r a n s f e r r e d  b la c k -  o r  w h ite - re a re d  
f is h  in  g roup  B a lth o u g h  v a lu e s  were n e a rly  tw ice  a s  h igh  in  th e  b lack - 
r e a re d  f is h . B lack- and w h ite - re a re d  f is h  in  Group C were a lso  a l l  
t r a n s f e r r e d  to  c lean  w hite  ta n k s  ad jacen t to  Group B. A f te r  7 days th ey
w ere in je c te d  w ith  1 ml s a l in e  once a day fo r  4 days and k i l le d  lh  a f t e r
th e  f in a l  in je c tio n  (W-+W, B-*W, in je c tio n  s t r e s s ) .  The plasm a c o r t i s o l
t i t r e s  w ere e le v a te d  s ig n i f ic a n t ly  in  bo th  W-+W and B-*W tra n s fe r re d ,  
in je c te d  f ish ; bu t th e  c o r t i s o l  t i t r e s  in  th e  W->W f i s h  in c re a se d  le s s  th an  
in  th e  B-*W fish . There was a ls o  a s ig n i f ic a n t  d if f e re n c e  betw een th e  
plasm a MCH le v e ls  m easured in  th e s e  two g ro u p s o f  f is h . The plasm a MCH 
v a lu e s  in  w h ite - re a re d  f is h  o f Group C w ere s ig n i f ic a n t ly  r a is e d  by th e
in je c t io n  s t r e s s  compared w ith  v a lu e s  in  both  Group A and Group B f ish .
The MCH v a lu e s  o f th e  b la c k - re a re d  f is h , however, w ere s ig n i f ic a n t ly  low er 
th an  th o se  o f  m ildly s t r e s s e d  f is h  in  group B, and n o t s ig n i f ic a n t ly  
d i f f e r e n t  from  u n s tre s se d  b la c k - re a re d  v a lu e s  in  Group A. The MCH and 
c o r t i s o l  t i t r e s  a re  in v e rs e ly  r e la te d ,  a s  can be se en  in  F ig 6.2. The
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r e s u l t s  show th a t  th e  w h ite - re a re d  t r o u t  w ith  h ig h  plasm a MCH t i t r e s  a re  
le s s  e a s i ly  s t r e s s e d  than  t h e i r  b la c k -re a re d  c o u n te rp a r ts .
T ab le  6 .1 . The in flu e n ce  o f background co lo u r and r e a r in g  c o n d itio n s  on 
plasm a MCH and c o r t i s o l  t i t r e s .
Group/ Plasma MCH Plasma Cortisol
Treatment n pg/mi ng/mi
A, Controls
White 6 101,9 ± 21,6 * 2,4 i 0.4
Black 6 27,4 ± 7.2 5,9 ± 1.1
Transfer/Mild stress
W-»W 5 269,8 ± 53.8 24,7 ± 9.7
B-»W 6 113,9 i 13,4 45,5 ± 20,9
Transfer/Injection
u->y 8 603,0 ± 94,6 *** 79,1 ± 15,7
B ->W 8 54,3 ± 12,2 204,3 ± 11,1
Results are means i s.e.ra, Statistical analysis was performed on log-transformed data, 
* p<0.05 ** p<0.01 *** p*Q,001 compared to black adapted or B-»W fish,
Fish were reared on either a white or black background (group A), transferred to white 
tanks and subjected to either mild (group B) or severe stress (group C, injected once 
a day for 4 days),
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Fig 6.2.
The influence of background colour and rearing conditions on plasma MCH and 
Cortisol titres. Fish were reared in either black or white tanks (Group A, Controls), 
transferred to white tanks and subjected to either mild noise stress (Group B,
Mild stress & Transfer), or severe stress (Group C, Injection & Transfer, injected 
once a day for 4 days, killed 1 h after final injection). Results are arithmetic means 
and standard errors, statistical analysis was performed on log-transformed data.
□  White-reared stocks |  Black-reared stocks
£§] White to white Black to white
* p < 0.05, p < 0.001 compared to black stocks or black to white transferred
fish
o  p<  0.05, o o  p < 0.01, o o o  p < 0.001 compared to Group A fish 
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The t i s s u e  MCH c o n te n ts  o f f is h  re a re d  in black o r w h ite  tan k s  and g iven  
d i f f e r e n t  d e g re e s  o f  s t r e s s  w ere examined. When w h ite - re a re d  f is h  which 
p o ssesse d  abundant s to r e s  o f MCH in th e i r  hypo thalam i and p i t u i t a r i e s  
were t r a n s f e r r e d  to  c lean  w h ite  tanks, th e  MCH c o n te n t o f th e  v e n tr a l  
hypo thalam ic  reg io n , c o n ta in in g  th e  MCH p e rik a ry a , was s ig n i f ic a n t ly  
d ec reased , bu t th e  d o rs a l  a re a , co n ta in in g  axons and n e rv e  te rm in a ls , was
u n a ffe c te d  (Table 6 .2a.). Chronic s t r e s s  caused  a f u r th e r  s l ig h t  b u t
s t a t i s t i c a l l y  in s ig n i f ic a n t  d e p le tio n  o f  MCH in  th e  v e n tr a l  reg io n , b u t 
ha lved  th e  MCH c o n te n t o f th e  d o rs a l  hypothalam us. In b la c k - re a re d  f is h , 
which c o n ta in ed  much le s s  t i s s u e  MCH, th e  re sp o n se  was more s tr ik in g .  
T ra n s fe r  to  w h ite  tan k s  caused  an a b s o lu te ly  l e s s  bu t p ro p o r t io n a te ly
g r e a te r  lo s s  o f MCH from bo th  d o rs a l  and v e n t r a l  hypo thalam ic  re g io n s  
(Table 6 .2a, b.). Chronic s t r e s s  d id  n o t f u r th e r  d e p le te  th e  very  low
c o n c e n tra tio n s  in  th e  d o rs a l  hypothalam us bu t caused  a s t a t i s t i c a l l y  
s ig n i f ic a n t  lo s s  o f  MCH from th e  v e n tr a l  hypothalam us. The d i f f e re n c e  in  
th e  re sp o n se  o f w h ite -  and b la c k -re a re d  f is h  i s  seen  more c le a r ly  by 
e x p re s s in g  th e  c o n te n ts  a s  a p e rc e n ta g e  o f c o n tro l  v a lu e s  (Table 6 .2 b .>.
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Table 6.2a. M C H  content of hypo thalami taken from white- and black-reared 
fish subjected to transfer, mild noise stress or injection stress.
MCH (ng/Hyp)
Condition n Dorsal Ventral Total
A. Controls
White 6 9,6 ± 0.! * 309.0 i 39.1 *** 318,8 ± 40,3 ***
Black 6 3,2 ± 0,1 8,3 ± 1,1 11,5 i 1,2
8, Transfer/MiId stress
W-»V 5 8,1 ±2,2 #** 159,0 ± 25,1 *** a 167,1 i 27.6 « *  a
B-jU 6 0.8 ± 0,1 aa 2,1 i 0,2 aaa 2,9 i 0,2 aaa
C. Transfer/Injection
W-*U 8 3,8 ± 0,4 ***,bbb 135.9 ± 16,0 *** 139,7 ± 16,1 « *  aa
B-»V 8 0.7 t 0,1 aaa 1.0 ± 0,1 bbb 1,8 ±0,2 bb
Results are means i s.e.n, Statistical analysis was perforied on log-transformed data, * p < 
0,05, *** p < 0,001 compared to black adapted or B-»U fish, 'a' p ( 0.05, 'aa' p < 0,01, 'aaa' p ( 
0,001 compared to Group A counterparts, 'bb' p f 0,01, p ( 0,001 compared to Group B 
counterparts.
Fish were reared on either a white or black background (group A), transferred to white tanks and 
subjected to either mild (group B) or severe stress (group C, injected once a day for 4 days),
Tabl e 6.2b. M C H  content (expressed as a % of control values) of 
hypo thalami taken from whit e- and black-reared fish subjected to 
transfer, mild noise stress or injection stress.
MCH content as % of control values
Condition n Dorsal Ventral Total
B, Transfer/Mild stress
U-)U 5 84 51 53
B-»W 6 25 25 26
Transfer/injection
8 39 43 43
B-4U 8 21 12 15
Results are a % value of control levels (group A = 100)1),
Fish were reared on either a white or black background (group A), transferred to white 
tanks and subjected to either wild (group B) or severe stress (group C, injected once 
a day for 4 days),
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The changes in  MCH c o n te n t o f th e  NILs tak en  from f is h  su b je c te d  to  
t r a n s f e r  w ith  o r w ith o u t in je c tio n  s t r e s s  fo llow  th e  t re n d  seen  in  t o t a l  
hypothalam ic co n ten t. T hat is ,  w h ite - re a re d  f is h  lo se  le s s  MCH upon 
t r a n s f e r  w ith  o r w ith o u t in je c tio n  s t r e s s  th an  b la c k - re a re d  f is h  when 
m easured a s  a p ro p o rtio n  o f  c o n tro l  le v e ls , b u t in  a b s o lu te  te rm s w h ite -  
re a re d  f is h  lo se  much more MCH th an  b la c k -re a re d  f is h  (see  ta b le  6.3.). 
The g ro s s  d e c lin e  in  th e  p i tu i t a r y  MCH c o n te n t in  th e  s t r e s s e d ,  b lack - 
re a re d  f is h  (Group C, B-»W>, to  1 % o f  c o n tro l  v a lu e s , i s  re le v a n t  when 
in te r p r e t in g  th e  f a l l  in  plasm a MCH c o n te n t o f  th o se  f is h .
In conc lusion , s t r e s s  s t im u la te s  MCH r e le a s e  from th e  p i tu i ta r y  (as 
in d ic a te d  by th e  in c re a se d  plasm a le v e ls )  and t h i s  may be re s p o n s ib le  fo r  
most o f  th e  p e p tid e  d e p le tio n  from th e  v e n tr a l  p e r ik a ry a l  reg io n . MCH 
s to r e s  in  th e  d o rs a l  hypo thalam ic  reg io n  can a ls o  be a f f e c te d  by both  
m ild and in te n s e  s t r e s s ,  b u t w hether t h i s  i s  a p p a re n t depends on th e  
amount o f  MCH a v a ila b le  fo r  r e le a s e .
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T ab le  6 .3 . MCH c o n te n t o f p i tu i t a r y  n e u ro in te rm e d ia te  lo b es  (NIL) tak en  
from w h ite -  and b la c k -re a re d  f is h  su b je c te d  to  t r a n s f e r ,  m ild n o ise  
s t r e s s  o r  in je c tio n  s t r e s s .
MCH X of
Condition n ng/NIL control
A, Controls
Vhite 6 1050,0 ± 151,8 4*#
Black 6 236,3 ± 50,0
Transfsr/MiId stress
V*U 5 548,0 ± 30,3 444 aa 52
B*U 6 20,0 ± 3,5 aaa 8
Transfer/Injection
U-»W 8 580,0 ± 77,6 444 a 55
B-tU 8 3,4 i 0,6 bbb 1
Results are means ± s.e.m, Statistical analysis was performed on log-transformed
data, *** p(0,001 compared to black adapted or B-jW fish, 'aa' p i 0.01, 'aaa' p i
0,001 compared to Group A counterparts, 'bbb' p < 0,001 compared to Group B
counterparts,
Fish were reared on either a white or black background (group A), transferred to white 
tanks and subjected to either mild (group B) or severe stress (group C, injected once 
a day for 4 days),
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6.3.2. In vitro s tu d ie s  o f  th e  HPI a x is
6.3.2.1. The e f f e c t  o f  MCH on c o r t i s o l  s e c re t io n  from th e  ln te r r e n a l  In 
v i tr o  The p o s s ib i l i ty  th a t  MCH a c ts  d i r e c t ly  on th e  ln te r r e n a l  to  d e p re ss  
th e  r e le a s e  o f c o r t i s o l  was in v e s t ig a te d . I n te r r e n a ls ,  from farm  fish , 
were d is s e c te d  in to  r ig h t  and l e f t  p a ire d  h a lv e s , one h a lf  o f  each p a ir  
se rv in g  a s  a c o n tro l w hile MCH was added to  th e  medium o f  th e  o p p o s ite  
h a lf .  The medium o f each p a ir  was MEM a lo n e  o r  co n ta in ed  added ACTHi-^ 
(5><10“ IOM) a s  shown in  ta b le  6.4. The a d d it io n  o f  MCH had no e f f e c t  on 
b a sa l  o r  ACTH s tim u la te d  c o r t i s o l  r e le a s e  by l n te r r e n a l  t i s s u e .
T ab le  6 .4 . The e f f e c t  o f MCH (10"$M) on c o r t i s o l  s e c re t io n  from th e  




Control 6 16.4 4 7.2
MCH (10-«M) 6 17.9 i  7.8
ACTH-STIMULATED
Control 10 64,9 ± 9 . 8
MCH (1Q-«M) 10 58.9 ± 8.3
Results are means ± s.e.m,
Basal release and ACTH1-24(5xlO_1*M)-sti»ulated experiments were done using paired 
interrenal halves,
6 .3 .2 .2 . th e  e f f e c t  o f r e a r in g  c o n d itio n s  and background co lo u r on c o r t i s o l  
s e c re tio n  bv t r o u t  in te r r e n a ls  in v i tr o  S ince MCH had no d i r e c t  e f f e c t  on 
c o r t i s o l  r e le a s e  from in te r r e n a ls  taken  from fa rm -re a re d  f is h , th e  e f f e c t  
on a d re n a l re sp o n s iv en e ss  o f r e a r in g  f is h  in  b lack  o r  w h ite -c o lo u re d  
tan k s  was in v e s tig a te d . B asal plasm a c o r t i s o l  le v e ls  in  such  aquarium - 
re a re d  f is h  su g g e s t they  may be c h ro n ic a lly , i f  m ild ly , s t r e s s e d  compared 
w ith  fa rm -re a re d  f ish . F ish  re a re d  on e i t h e r  a w h ite  o r a b lack
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background, o r f is h  from a lo c a l  f is h  farm  w ere d e c a p ita te d  and h a lf  o f 
each i n te r r e n a l  was removed. A f te r  a 3hr p re - in c u b a tio n  each h a lf  was 
g iven  two su c c e ss iv e  in cu b a tio n s ; f i r s t  w ith o u t, and then  w ith  
ACTH^..24 (5*10~*M). In te r r e n a ls  o f  w h ite -  and b la c k - re a re d  f is h  r e le a s e d  
s im ila r  b a s a l  am ounts o f c o r t i s o l  which was s ig n i f ic a n t ly  g r e a te r  than  
th e  le v e ls  s e c re te d  by t i s s u e  from fa rm -re a re d  f i s h  ( ta b le  6.5.). A fte r  
s t im u la t io n  w ith  ACTH, t i s s u e  from b lack - and w h ite - re a re d  f is h  both  
s e c re te d  s im ila r  am ounts o f  c o r t i s o l  and th i s  was s ig n i f ic a n t ly  more than  
th a t  s e c r e te d  by th e  in te r r e n a ls  o f  fa rm -re a re d  f is h . However when th e  
d a ta  a r e  ex p re sse d  a s  a r a t i o  o f  s t im u la te d /u n s tira u la te d  re le a s e ,  i t  i s  
seen  th a t  a l l  g roups respond  to  a s im ila r  d e g re e  (Table 6.5., F ig 6.3.). 
Hence th e  a p p a re n tly  g r e a te r  re sp o n se  to  ACTH o f  a q u a riu m -re a re d  f is h  
compared w ith  fa rm -re a re d  f is h  s u g g e s ts  th e  fo rm er had more in te r r e n a l  
t i s s u e  in  t h e i r  head kidneys, b u t th a t  th e  s e n s i t i v i t y  to  ACTH was th e  
same in  a l l  g roups.
T ab le  6 .5 . The e f f e c t  o f r e a r in g  c o n d itio n s  and background co lo u r on 
c o r t i s o l  s e c re t io n  by in te r r e n a ls  in v i tro . S t a t i s t i c a l  a n a ly s is  was 
perform ed on lo g -tra n s fo rm e d  d a ta .
Cortisol (ng/fcinterrenal/hr) Ratio
n Basal Stimulated Stim/Unstim
Farm 6 19.4 ± 5.1 464.6 ± 47.1 28,2 ± 4.0
White 6 32,8 ± 4 , 2 *  1148.1 ± 115,7 « *  37.6 ± 5.4
Black 6 33,2 ± 5 . 1 *  1106.1 ± 97.0 *** 38.2 ± 7.8
Results are means ± s.e.m. Statistical analysis was performed on log-transformed
data. * p $ 0,05 *** p < 0,001 compared to farm fish,
Stimulation was achieved by ACTHj-j<(5xlO~?M) at a concentration of 5xl0~? M, White
and black reared fish were maintained under conditions of mild chronic stress.
-  92 -
Fig 6.3.
The effect of rearing conditions and background colour on the responsiveness of 
interrenals to ACTHi-24 (5x10 M) in vitro . White- and Black-reared fish were 
maintainedunder conditions of mild chronic stress. Results are arithmetic means 
and standard errors, statistical analysis was performed on log-transformed data.
1 1 1  Farm-reared E l  White-reared I  Black-reared 
★ p < 0.05, ★ ★ ★ p < 0.001 compared to Farm-reared fish
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6 .3.2.3, C o rtic o tro p h ic  a c t iv i ty  and r e a r in g  c o n d itio n s  S ince MCH had no
e f f e c t  on th e  in te r re n a l ,  i t s  in flu e n c e  on th e  p i tu i t a r y  and hypothalam us 
was in v e s t ig a te d .  The f is h  p a rs  d i s t a l i s  CPD) s e c r e te s  NPP-1 in to  th e  
in cu b a tio n  medium, and m easurem ent o f t h i s  POMC fragm ent can be used  as  
an in d ic a to r  o f  c o r t ic o tro p h ic  a c t iv i ty  p rov ided  th e  p a rs  in te rm e d ia  i s
removed. T is su e  was used from f is h  re a re d  in  th e  aquarium  in  w h ite  o r 
b lack  ta n k s  and from fa rm -re a re d  f ish . There was no d if fe re n c e  in  th e  
b a sa l  r e l e a s e  o f NPP-1 by PDs from w h ite -  o r b la c k - re a re d  f is h , bu t th e  
t i s s u e  from w h ite - re a re d  f is h  re le a s e d  s ig n i f ic a n t ly  more NPP-1 th an  PDs 
from farm  re a re d  f is h  ( ta b le  6 .6 ., f ig  6.4.). The amount o f NPP-1 re le a s e d  
by PDs from b la c k -re a re d  f is h  was a p p a re n tly  h ig h e r  th an  th a t  r e le a s e d  by 
farm f is h  b u t th e  d if fe re n c e  was no t s t a t i s t i c a l l y  s ig n i f ic a n t  due to
la r g e r  s ta n d a rd  e r r o r s .  These d a ta  su p p o rt th e  r e s u l t s  o f  th e  p rev io u s
experim en t (6 .3 .3 ) s u g g e s tin g  th a t  f is h  re a re d  under c o n d itio n s  o f  m ild 
ch ron ic  s t r e s s  have a h y p e ra c tiv e  HPI ax is .
T ab le  6 .6 . B asal c o r t ic o tro p h ic  c e l l  a c t iv i ty  in  PDs o f  f is h  re a re d  in 
d i f f e r e n t  c o n d itio n s .
Corticotrophic secretion 
(as NPP-J release) 
Condition n ng/PD/30 rain
Farm 6 2.5 ± 0.6
White 6 11,1 ± 3,1 *
Black 6 11.4 ± 3,4
Results are weans i  s.e.w, S ta tis tic a l analysis was performed on log-transformed data, 
* p<0,05 compared to farm fish, s ta t is t ic a l  analysis was performed on log-transformed 
data.
White and black reared fish  were maintained under conditions of mild chronic s tress ,
- 9 4 -
Fig 6.4.
The ability of pars distales (PDs) from fish reared on different backgrounds and 
conditions to release ACTH as measured by NPP-1 release in vitro. White- and 
Black-reared fish were maintained under conditions of mild chronic stress. Results 
are arithmetic means and standard errors, statistical analysis was performed on log- 
transformed data.
Farm-reared fish Q  White-reared fish H  Black-reared fish 
* p < 0.05 compared to Farm-reared fish
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6.3.2.4. The e f f e c t  o f MCH on CRF re le a s e  in v i tr o  T rou t hypo thalam i
in cu b a ted  in v itro  have p rev io u s ly  been shown to  r e le a s e  ‘CRF* in to  th e  
medium a s  a s s e s s e d  by th e  a b i l i ty  o f th e  hypothalam ic  medium to  
s t im u la te  th e  r e le a s e  o f POMC-derived frag m en ts  from c o n tro l  PDs (Baker 
e t  a l M 1985). Two experim en ts  w ere done to  t e s t  w hether th e  hypothalam i 
from b lac k - or w h ite -(a q u a r iu m )-re a re d  f is h  s e c r e te  s im ila r  am ounts o f 
CRF when in cu b a ted  in vitro . In a f i r s t  experim en t, hypo thalam i w ere 
o b ta in ed  from f is h  th a t  w ere u n s tre s s e d  (d e c a p ita te d )  o r s t r e s s e d  (k ille d  
by a blow to  th e  head and l e f t  fo r  5 min b e fo re  d e c a p ita t io n ) . 
H ypothalam i w ere incu b a ted  in d iv id u a lly  fo r  lh  in  400 p i  medium, a f t e r  
which PDs from fa rm -re a re d  f is h  were in cu b a ted  in  300 p i o f t h i s  
hypo thalam ic  medium fo r  30 min. The amount o f  NPP-1 r e le a s e d  by th e s e  
PDs sho u ld  r e f l e c t  th e  amount o f  b io a c tiv e  CRF in  th e  medium (Bird e t  al., 
1987). The MCH re le a s e d  from th e  hypo thalam i d u r in g  in c u b a tio n  was 
imm unoabsorbed from th e  medium fo r  30 min b e fo re  i t s  a d d it io n  to  th e  
PDs, s in c e  MCH has d e p re ss iv e  e f f e c t s  on c o r t ic o tro p h ic  a c t iv i ty  (Baker e t  
a l 1985). In t h i s  f i r s t  experim ent, hypo thalam ic medium from b lack  o r 
w h ite  u n s tr e s s e d  f is h  s tim u la te d  NPP s e c re tio n  from PDs o f  farm  f is h  to  a 
s im ila r  e x te n t ( ta b le  6.7.). A se v e re  s t r e s s  caused  a p p a re n tly  in c re a se d  
s e c re t io n  o f CRF from th e  hypothalam us bu t th e  d if fe re n c e  was no t 
s t a t i s t i c a l l y  s ig n i f ic a n t  (Table 6.7.), In a second experim en t MCH 
a n tise ru m  was added to  th e  hypo thalam i d u rin g  t h e i r  in c u b a tio n  period , 
th u s  rem oving th e  in flu e n ce  o f  MCH from th e  n eu ro n e s  s e c r e t in g  ‘CRF1. PDs 
from fa rm -re a re d  f is h  were th en  in cu b a ted  in  t h i s  medium o r in  c o n tro l  
medium a s  b e fo re . Under th e s e  c o n d itio n s , hypo thalam i from w h ite - re a re d  
f is h  s e c r e te d  s ig n i f ic a n t ly  more *CRF’ th an  d id  hypo thalam i from  b lack - 
re a re d  f is h .
-  96 -
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T able 6.7. The e f f e c t  o f MCH on CRF re le a s e  in v itro .





White reared unstressed 
stressed 







Hth med+MCH a/s 
Hth med+MCH a/s 
Hth naed+MCH a/s 
Hth med+MCH a/s
3.0 i 0.4
5,9 i 0,5 f
8.2 i 1,2 ff
6.2 i 0,3 ff







MEM + MCH a/s 
Hth med 
Hth med
2,5 ± 0,6 ww
11.1 ± 1,7 bbb
4,4 i 0.5
Results are means ± s.e.m, Statistical analysis was performed on log-transformed 
data, bbb p ( 0,001 compared to POs treated with hypothalamic medium from black 
adapted fish, 'ww' p 4 0,01 compared to POs treated with hypothalamic medium from 
white-reared fish, , 'f' p ( 0.05, 'ff' p i 0,01 compared to PDs without hypothalamic 
medium,
Hypothalami from white- or black- reared trout were incubated in  vitro with or without 
MCH anti-serum (a/s). The incubation medium was then added to pars distales from farm- 
reared fish; control PDs did not receive hypothalamic medium, Groups where MCH had not 
been immunoabsorbed in the first (hypothalamic) incubation period received antiserum 
during the pituitary incubation medium,
- 9 7 -
Fig 6.5.
The effect of MCH on CRF release in vitro .
Experiment 1. Fish were killed by decapitation and their tissues removed (Controls), 
or stunned by a blow to the head and left for 5 min before removal of tissues for 
incubation (Stressed). MCH antiserum was added to the medium after removal of 
the hypothalami prior to the pituitary incubation.
Experiment 2. Hypothalami from white- or black-reared trout were incubated 
with or without MCH antiserum (a/s). The incubation medium was then added to 
pars distales from farm-reared fish; controls did not receive hypothalamic medium. 
Groups where MCH had not been immunoabsorbed in the first (hypothalamic) 
incubation period received antiserum during the pituitary incubation period. Results 
are arithmetic means and standard errors, statistical analysis was performed on 
log-transformed data.
111 Farm PD only I I Farm PD treated with hypothalamic medium from
white-reared fish
Farm PD treated with hypothalamic medium from black-reared fish.
★ p < 0.05, ★ ★ p< 0.01 compared to farm PDs alone




























MCH a/s added post 
hypothalamic incubation
Experiment 1
MCH a/s added during 
hypothalamic incubation
Experiment 2
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6.4. DISCUSSION
The p re v io u s  c h a p te r  d isc u sse d  th e  re sp o n se  o f  MCH s e c r e t io n  to  re p e a te d  
s t r e s s  and th e  e f f e c t s  on th i s  o f  dexam ethasone b u t l e f t  unansw ered th e  
converse  q u e s tio n  w hether MCH in f lu e n c e s  th e  HPI a x is  and i f  so  i t s  s i t e  
o f a c tio n . A part from work re p o r te d  by Baker and co -w o rk ers  (1985, 1986) 
n o th in g  i s  known abou t th e  a c tio n  o f  MCH on th e  HPI a x is . T h e ir d a ta  
showed th a t  MCH can reduce  th e  CRF-induced r e le a s e  o f ACTH from th e  
t r o u t  PD in v itro . They a ls o  showed th a t  PDs from  w h ite -a d a p te d  f is h , o r 
from b la c k -a d a p te d  f is h  im p lan ted  w ith  minipumps c o n ta in in g  MCH, re le a s e d  
l e s s  ACTH in v i tr o  th an  PDs from c o n tro l  b la c k -a d a p te d  f is h . The p re s e n t 
work h as  p rov ided  more in fo rm a tio n  abou t th e  a c t i v i t y  o f MCH on th e  HPI 
a x is . When f i s h  w ere re a re d  in  e i t h e r  b lack  o r  w h ite  tan k s  t h e i r  plasm a 
MCH t i t r e s  w ere s ig n i f ic a n t ly  d i f f e r e n t .  T h is i s  n o t s u rp r is in g  s in c e  MCH 
i s  r e le a s e d  a s  a p a lin g  hormone. A d d itio n a lly , t h e i r  le v e ls  o f plasm a 
c o r t i s o l  w ere d i f f e r e n t ,  th e  w h ite - re a re d  f i s h  show ing s l ig h t ly  bu t 
s ig n i f ic a n t ly  low er c o n c e n tra tio n s  th an  th e  b la c k -a d a p te d  f is h . This 
confirm s e a r l i e r  r e p o r ts  by o th e r  w orkers (Baker and Ranee, 1981; Gilham 
and Baker, 1985). The plasm a t i t r e s  o f MCH and c o r t i s o l  a r e  in v e rs e ly  
r e la te d .  When w h ite -  o r b la c k - re a re d  f is h  w ere t r a n s f e r r e d  to  c lean  w h ite  
tan k s, and s u b je c te d  to  m ild d is tu rb a n c e , MCH plasm a t i t r e s  ro s e  in  both  
B-*W and W-»W t r a n s f e r r e d  f is h . T h is r i s e  i s  n o t s u rp r i s in g  in  th e  ca se  o f 
th e  B-*W f is h ;  th a t  in  W-*W f is h  may be due to  th e  ta n k s  being  a  c le a n e r  
w h ite  th an  th e  s to c k  tan k s , o r to  s t r e s s  o f  t r a n s f e r  and d is tu rb a n c e  
c a u sin g  in c re a s e d  MCH r e le a s e ,  s in c e  t h e i r  c i r c u la t in g  c o r t i s o l  le v e ls  
were h ig h e r  th an  in  th e  s to c k  f ish . B->W f is h  had a p p a re n tly  h ig h e r  
c o r t i s o l  plasm a t i t r e s  th an  W-»W f is h  b u t t h i s  was n o t s ig n i f ic a n t ly  
d i f f e r e n t ,  a lth o u g h  once ag a in  th e  plasm a MCH and c o r t i s o l  t i t r e s  a re  
in v e rs e ly  r e la te d .  I f  th e  t r a n s f e r  to  w h ite  ta n k s  i s  fo llow ed  by re p e a te d
- 9 9 -
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in je c tio n  s t r e s s ,  th e  d if fe re n c e  betw een th e  p lasm a MCH t i t r e s  o f B-*W and 
VMW f is h  i s  now very  marked. The plasm a MCH t i t r e  o f  B->W s t r e s s e d  f is h  
ap p e a rs  to  be d ec reased  and i s  no t s ig n i f ic a n t ly  d i f f e r e n t  to  th a t  in  th e  
b la c k - re a re d  s to c k  f is h . C onversely, plasm a MCH in  th e  W-»W s t r e s s e d  f is h  
i s  s ig n i f ic a n t ly  h ig h e r  th an  e i th e r  th e  s to c k  w h i te - r e a re d  f is h  o r  th e  
W->W m ild ly  s t r e s s e d  f ish . The plasm a c o n c e n tra tio n s  o f c o r t i s o l  a re  once 
more in v e r s e ly  r e l a te d  to  th o se  o f  plasm a MCH, th e  B-»W s t r e s s e d  f is h  
hav ing  s ig n i f ic a n t ly  h ig h er plasm a c o r t i s o l  th an  th e  W-»W s t r e s s e d  f ish . I t  
i s  a p p a re n t, th e r e fo r e  th a t  t r o u t  w ith  h igh  plasm a MCH t i t r e s  r e le a s e  
l e s s  c o r t i s o l  th an  th o se  in  which plasm a MCH i s  low. MCH seem s to  be
m odu la ting  th e  a c t iv i ty  o f th e  HPI a x is  in  th e s e  f is h .
The c o n c e n tra tio n s  o f  MCH in  th e  v e n tr a l  hypo thalam us and p i tu i ta r y  NIL
were found to  d e c lin e  fo llow ing  t r a n s f e r  to  w h ite  tan k s . T h is i s  in
agreem ent w ith  th e  in c re a se  in  plasm a MCH t i t r e ;  ie  th e  lo s s  o f  MCH from 
th e s e  t i s s u e s  i s  a s so c ia te d  w ith  th e  in c re a se d  s e c r e t io n  o f  hormone as 
expected . S t r e s s  r e s u l t s  in  p ro p o r tio n a te ly  s im ila r  lo s s e s  o f  MCH s to r e s  
from bo th  th e  d o rs a l  and v e n t r a l  hypothalam us which cou ld  r e f l e c t  an 
in c re a s e  in  MCH re le a s e  and a f a i lu r e  o f  s y n th e t ic  a c t i v i t y  to  re p la c e  th e  
d e p le t in g  s to r e s .  The ro le  o f  c e n tr a l  MCH i s  u n c e r ta in  b u t i t  m ight 
in f lu e n c e  th e  s e c re tio n  o f CRF.
In summary, i t  i s  p o s s ib le  to  in te r p r e t  th e  r e s u l t s  o f  th e  f i r s t  p a r t  o f 
t h i s  s e c t io n  a s  fo llow s: th e  w h ite - re a re d  f is h  r e l e a s e  more MCH under 
s t r e s s ,  which m odulates (d e p re s se s )  th e  a c t iv i ty  o f  th e  HPI a x is . B lack- 
re a re d  f i s h  su b je c te d  to  t r a n s f e r  to  a w h ite  background a re  ab le  to  
r e le a s e  MCH and show plasm a MCH t i t r e s  com parable to  w h ite - re a re d  s to c k  
f is h . However, when s e v e re ly  s t r e s s e d  th ey  a r e  u n a b le  to  in c re a s e  MCH 
r e le a s e  f u r th e r  due to  low r e s e rv e s  o f th e  p e p tid e  and presum ably  a low
-1 0 0 -
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s y n th e t ic  c ap ac ity : th e  a v a ila b le  MCH becomes d e p le te d  and i s  in s u f f ic ie n t  
to  m odu la te  th e  a c t i v i t y  o f th e  HPI ax is . Plasma c o r t i s o l  th e r e fo r e  r i s e s .
The s i t e  o f m odulation  o f th e  HPI a x is  by MCH was in v e s t ig a te d . The 
e f f e c t s  o f  MCH in  v i tr o  on b a s a l  and AC-TH-stimulated c o r t i s o l  r e le a s e  
from th e  in te r r e n a l  w ere d em o n stra ted  to  be n e g lig ib le . A d d itio n a lly , 
lo n g -te rm  a d m in is tra t io n  o f  MCH (in th e  form o f  r e a r in g  on a w h ite  
background) could  n o t be shown to  have had any in f lu e n c e  on th e  
re s p o n s iv e n e s s  o f  th e  i n te r r e n a l  to  ACTH in v itro . However, bo th  b lack - 
and w h i te - r e a re d  f is h  were shown to  have h y p e rtro p h ie d  in te r r e n a ls  
s u g g e s t in g  th a t  th ey  had been exposed to  s l ig h t  bu t ch ron ic  s t r e s s .
S ince MCH d id  n o t a f f e c t  th e  in te r r e n a l  by d i r e c t  horm onal a c tio n , th e  
o th e r  p o s s ib le  t a r g e t  o rg an s  th rough  which MCH m ight m odulate th e  HPI 
pathw ay w ere th e  b ra in  and th e  p i tu i ta r y .  O ther w orkers have a lre a d y  
shown th a t  MCH can reduce  C R F-stim ulated  ACTH r e le a s e  from th e  PD in 
v i tr o  (Baker e t  al., 1985). In th e  p re s e n t s tu d y , PDs from w h ite -  and 
b la c k - re a re d  f is h  showed s im ila r  le v e ls  o f c o r t ic o tro p h ic  a c t iv i ty  in 
v i tr o  . T hese r e s u l t s  a p p a re n tly  c o n tra s t  w ith  th e  f in d in g s  o f  Baker e t  
al. (1985, 1986), who re p o r te d  th a t  PDs from s h o r t - te rm  w h ite -a d a p te d
f is h  showed d e p re sse d  ACTH s e c re t io n  in v i tr o  compared to  t h e i r  b lack - 
ad ap ted  c o u n te rp a r ts .  The d if fe re n c e  betw een o u r and t h e i r  o b se rv a tio n s  
i s  p ro b ab ly  due to  th e  f a c t  th a t  Baker e t  al. a c u te ly  s t r e s s e d  t h e i r  f i s h  
im m edia te ly  b e fo re  th e  experim ent; th e  d if fe re n c e  th ey  observed  m ight 
th e r e fo r e  be a t t r ib u t a b l e  to  d i f f e r e n t  le v e ls  o f  CRF s e c r e t io n  betw een 
f is h  from  b lack  and w hite  backgrounds, r a th e r  th an  a d if f e re n c e  in  th e  
b a s a l  a c t i v i t y  o f th e  c o r t ic o tro p h s . Our o b s e rv a tio n s  showed th a t  g lan d s  
from f i s h  re a re d  in  th e  U n iv e rs ity  aquarium  re le a s e d  s ig n i f ic a n t ly  more 
POMC p ro d u c t th an  PDs from farm  fish . T his, to g e th e r  w ith  th e  g r e a te r  
b a s a l  r e l e a s e  o f  c o r t i s o l  by th e i r  in te r r e n a ls ,  shows th a t  th e  U n iv e rs ity
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f is h  w ere p robab ly  re a re d  under co n d itio n s  o f s l i g h t  bu t ch ron ic  s t r e s s ,  
r e s u l t in g  in  h y p ertro p h y  o f bo th  c o r tic o tro p h s  and in te r r e n a l  t i s s u e .
Baker and co -w o rk ers  <1985) d id  no t examine CRF s e c re t io n  b u t allow ed th e  
p o s s ib i l i ty  th a t  MCH could  have a m odulatory in f lu e n c e  on th e  HPI a x is  
v ia  th e  b ra in . While i t  i s  p o s s ib le  th a t  c i r c u la t in g  MCH could  a f f e c t  th e  
b ra in , i t  i s  no t known w hether i t  can c ro s s  th e  b lo o d -b ra in  b a r r ie r .  
A d d itio n a lly  MCH f ib re s  a re  d is t r ib u te d  in  v a rio u s  re g io n s  o f th e  b ra in  
(Bird e t  al. 1989) and th e  p e p tid e  could th e r e fo r e  be r e le a s e d  lo c a l ly  and 
e x e r t  i t s  neurom odu lato ry  e f f e c ts .  E xperim enta l r e s u l t s  from in cu b a ted  
hypo thalam i s u g g e s t  th a t  MCH re le a s e d  in  th e  d o r s a l  hypothalam us d u rin g  
s t r e s s  m ight in f lu e n c e  CRF s e c re tio n . Hypothalam i from b lac k - o r w h ite -  
re a re d  f is h  r e le a s e d  s im ila r  am ounts o f C R F -b io ac tiv ity  when th e y  were 
in cu b a ted  in v i tro . The in te r p r e ta t io n  o f t h i s  o b s e rv a tio n  i s  n o t sim ple, 
how ever, b ecause  t i s s u e  from th e  two g ro u p s o f  f is h  c o n ta in  very  
d i f f e r e n t  am ounts o f MCH, which i s  a lso  r e le a s e d  in to  th e  medium and 
could  p o te n t ia l ly  in flu e n c e  th e  'CRF* neurones. The r e s u l t s  o f  ex p erim en ts  
in which MCH a n tise ru m  was added to  th e  in cu b a ted  hypothalam i s u g g e s t  
th a t  t h i s  does in  f a c t  occur: im m unoneu tra liza tion  o f  MCH in  and around 
th e  hypothalam us s ig n i f ic a n t ly  enhanced th e  r e l e a s e  o f  ‘CRF* from b ra in  
t i s s u e  o f  w h ite - re a re d  f is h , in d ic a tin g  th a t  MCH norm ally  in h ib i t s  th e  
r e le a s e  o f  *CRF\ S ince CRF r e le a s e  by hypothalam i from  th e  b la c k - re a re d  
f is h  was s ig n i f ic a n t ly  low er and not a f fe c te d  by im m u n o n eu tra liza tio n , th e  
r e s u l t s  s u g g e s t  th a t  th e  ‘CRF* co n ten t m ust be g r e a t e r  in  w h ite - re a re d  
f is h , a lth o u g h  i t s  r e le a s e  i s  d ep ressed  in vivo . A p o s s ib le  in te r p r e ta t io n  
i s  s u g g e s te d  in  F ig 6 .6 . I f  MCH d e p re sse s  CRF and ACTH s e c re tio n , c o r t i s o l  
t i t r e s  w i l l  a ls o  be reduced; low c o r t is o l ,  l ik e  ad rena lec tom y, w i l l  th en  
r e s u l t  in  an enhanced CRF s y n th e s is  and r e le a s e  u n t i l  plasm a c o r t i s o l  
t i t r e s  a t t a i n  “s e t  p o in t” b a s a l  le v e ls . The h y po thalam i o f w h ite - re a re d
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t r o u t  may have more CRF c e l l s  o r more CRF p ro d u c tio n  p e r c e l l  than  th o se  
of b la c k - re a re d  f ish . W hether MCH a f f e c t s  th e  CRF n eu ro n es d i r e c t ly  o r 
a c ts  in d ir e c t ly  v ia  o th e r  in te r -n e u ro n a l  pathw ays i s  n o t known. F ry e r  and 
P e te r  (1977) found th a t  le s io n s  in  th e  h a b e n u la r  reg io n  led  to  
h y p e rs e c re tio n  o f ACTH and p o s tu la te d  an in h ib i to ry  c e n tr e  , p o s s ib ly  
c o n tro l l in g  th e  r e le a s e  o f  CRF. Since MCH f ib r e s  p ro je c t  to  th e  h a b e n u la r
reg io n  th ey  may a ls o  in f lu e n c e  th e  HPI a x is  a t  t h i s  s i t e ,
In summary, th e  d a ta  r e p o r te d  in  t h i s  c h a p te r  show:
1. D iffe re n c e s  in  MCH p ro d u c tio n  and r e le a s e  a re  a s s o c ia te d  w ith
d i f f e re n c e s  in  th e  HPI a x is  in vivo.
2. MCH h a s  no e f f e c t  a t  th e  i n te r r e n a l  le v e l  in v itro .
3. MCH can in h ib i t  ‘CRF’ r e le a s e  from th e  hypothalam us in vitro .
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B. Postulated mechanisms for the interaction of MCH with the HPI axis in black- 
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T able  7.1. The e f f e c t  o f background co lou r and r e a r in g  on MCH s y n th e s is  
and s to ra g e .
Concentration of HCH (ng) (pg/rat)
Conditions n Weight (g) Hypothalamus Pituitary Pit/Hyp Plasma
BLACK 6 2,2 4 0,2 0.8 4 0,1 4.7 4 0.6 6 —
12 134,3 i 2,7 8.2 4 1.1 231,3 4 25,4 25 27.4 4 7.2
WHITE 11 2,8 4 0,2 9.7 4 1,5 25.4 4 4,3 26 —
12 183,8 4 17,8 249,5 4 29,2 1083,4 4 93,4 4 101.9 4 21.6
Fish were reared in either black or white tanks under a long photoperiod and sampled at 
4 or 15 months.
Looked a t  in  a d i f f e r e n t  way, th e  p i tu i ta r y :  hypothalam us r a t i o  in  a d u lts  
i s  25 fo r  B a d u lts  bu t on ly  4.3 fo r  W a d u lts .  I t  i s  p o s s ib le  th a t  th e  
r e l a t i v e ly  low er p i tu i ta r y  c o n te n t in  W f is h  r e f l e c t s  t h e i r  more ra p id  r a t e  
o f  hormone r e le a s e  in to  th e  blood: why MCH shou ld  accum ulate  so  much more 
e x te n s iv e ly  in  th e  p e rik a ry a  i s  n o t c le a r . I t  could  be a n t ic ip a te d  a p r io r i ,  
th a t  hormone g ra n u le s  would be t ra n s lo c a te d  to  t h e i r  s i t e  o f r e le a s e  
( te rm in a ls  in  th e  p i tu i t a r y  o r  b ra in )  a s  soon a s  th ey  a re  r e le a s e d  from 
th e  g o lg i; c le a r ly  t h i s  does n o t occur, and some a re  s to re d  w ith in  th e  c e l l  
bod ies. The n a tu re  and r o u te s  o f  com m unication betw een p e rik a ry o n  and 
ne rv e  te rm in a ls  r e g u la t in g  g ra n u le  t r a n s p o r t  a re  n o t known, b u t p o ss ib ly  
in c lu d e  r e t r o g ra d e  t r a n s p o r t  mechanisms.
I t  i s  n o t known w hether u nder c o n s ta n t background c o lo u r c o n d itio n s  th e  
accum ula tion  o f  MCH in c re a s e s  in  a l in e a r  r e la t io n s h ip  w ith  body w eight; 
th e  two p o in ts  on each l in e  in  f ig  7.1. were th e  only  two m easured  and a re  
no t in te n d e d  to  imply such  a  r e la t io n s h ip  but to  i l l u s t r a t e  th e  d i f f e re n c e s  
betw een th e  two g ro u p s o f  f is h . The o th e r  p o in ts  in  f ig  7.1 show th e  
r e l a t i v e  MCH c o n te n ts  o f  f i s h  o b ta in e d  from A lder ley  and W arm inster 
sam pled a s  f in g e r  l in g s  and a d u l t s  and ten d  to  s u g g e s t  th a t  th e  in c re a s e  in  
t i s s u e  MCH c o n c e n tra tio n s  r e l a t i v e  to  body w eight may n o t be l in e a r  bu t 
may s t a r t  to  p la te a u  below 50 g body w eight. Comparison o f  th e  v a lu e s
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from fa rm -re a re d  f is h  r e l a t i v e  to  B a th -re a re d  f is h  shows th a t  t h e i r  
c a p a c ity  to  s y n th e s is e  MCH i s  v e ry  s im ila r  to  th e  b la c k - re a re d  f ish , i.e . i t  
i s  low. A lder ley  f is h  c o n ta in  s l ig h t ly  more MCH th an  W arm inster f is h , and 
th i s  presum ably  r e f l e c t s  th e  th e  d if fe re n c e s  in  l ig h t in g  and s to c k in g  
d e n s ity  a lth o u g h  o th e r  f a c to r s  eg. g e n e tic  s t r a in  may be involved.
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Conditions n Weight (g) Hypothalanus Pituitary Pit/Hyp
BLACK 6 2.2 i 0.2 0.8 4 0.1 4,7 4 0,6 6
12 134,3 4 2,7 9,2 4 1,1 231,3 4 25.4 25
UHITE 11 2.8 i 0.2 9,7 4 1,5 25,4 4 4,3
12 133,8 4 17,8 249,5 4 29,2 1033,4 4 93,4 4
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Table 7.1. The e f f e c t  of background co lour and r e a r in g  on MCH s y n th e s i s  
and s to ra g e .




Fish were reared in either black or white tanks under a long photoperiod and sampled at 
4 or 15 months,
Looked a t  in a  d i f f e r e n t  way, th e  p i tu i ta r y :  hypothalam us r a t i o  in  a d u l t s  
i s  25 fo r  B a d u l t s  but only 4.3 fo r  W a d u l ts .  I t  i s  p o s s ib le  th a t  th e  
r e l a t i v e ly  lower p i t u i t a r y  co n te n t  in W f i s h  r e f l e c t s  t h e i r  more ra p id  r a t e  
of hormone r e l e a s e  in to  the  blood: why MCH should  accum ulate  so much more 
e x te n s iv e ly  in the  p e r ik a ry a  i s  not c lea r .  I t  could be a n t i c ip a te d  a p r io r i , 
t h a t  hormone g ra n u le s  would be t r a n s lo c a te d  to  t h e i r  s i t e  o f  r e l e a s e  
( te rm ina ls  in  the  p i t u i t a r y  o r  b ra in )  as  soon a s  they  a re  r e le a s e d  from 
the  golg i;  c le a r ly  t h i s  does no t occur, and some a re  s to re d  w ith in  the  c e l l  
bodies. The n a tu r e  and r o u te s  o f  communication between pe rika ryon  and 
nerve  t e rm in a ls  r e g u la t in g  g ra n u le  t r a n s p o r t  a re  no t known, but p o ss ib ly  
include  r e t r o g r a d e  t r a n s p o r t  mechanisms.
I t  i s  no t known w hether under co n s ta n t  background co lour co n d it io n s  the  
accum ulation  o f  MCH in c r e a s e s  in  a l in e a r  r e l a t i o n s h ip  w ith  body weight; 
the  two p o in ts  on each l in e  in f ig  7.1. were th e  only two measured and a re  
not in tended  to  imply such a r e l a t i o n s h ip  but to  i l l u s t r a t e  th e  d i f f e r e n c e s  
between th e  two groups o f  f ish .  The o th e r  p o in ts  in f ig  7.1 show th e  
r e l a t i v e  MCH c o n te n ts  o f  f i s h  ob ta ined  from A lderley  and Warminster 
sampled a s  f in g e r  l in g s  and a d u l t s  and tend  to  su g g e s t  th a t  th e  in c re a s e  in 
t i s s u e  MCH c o n c e n t ra t io n s  r e l a t i v e  to  body weight may not be l in e a r  but 
may rea c h  a p la te a u  below 50 g body weight. Comparison o f  th e  va lues  from
108-
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f a rm -re a re d  f i s h  r e l a t i v e  to  B a th - re a re d  f ish  shows t h a t  t h e i r  ca p ac i ty  to  
s y n th e s i s e  MCH i s  very s im i la r  to  the  b la c k - re a re d  f ish ,  i.e. i t  i s  low, 
Alder ley  f i s h  con ta in  s l i g h t l y  more MCH than W arminster f ish ,  and t h i s  
presumably r e f l e c t s  th e  th e  d i f f e r e n c e s  in l ig h t in g  and s tock ing  d e n s i ty  
a lthough  o th e r  f a c to r s  eg. g e n e t ic  s t r a i n  may be involved.
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Fig 7.1.
The effect of rearing conditions on MCH content in hypothalami and pituitaries 
from fish reared at two different farms and fish reared in either white or black 
tanks in the University aquarium.
□  Fish reared in white tanks under a long photoperiod 
H  Fish reared in black tanks under a long photoperiod.




























7.3.2. S e a so n a l changes In  MCH s y n th e s is  and c o n te n t
When a d u l t  f i s h  were sampled a t  Alder ley  t r o u t  farm th roughou t  th e  year  
( ta b le s  7 .2 -3 .,  Fig 7.2.), no c le a r  s e a so n a l  changes were d e te c te d  in th e  
MCH c o n te n t  of  hypothalam i and p i t u i t a r i e s ,  n e i th e r  d id plasma 
c o n c e n t ra t io n s  show any s e a s o n a l ly  r e l a t e d  p a t t e rn .  Plasma va lu e s  were low 
a t  a l l  t im es , s im i la r  to  b lack adapted f ish .  F ish  were brought back to  th e  
U n ive rs i ty  aquarium  and adap ted  to  Black o r  White backgrounds fo r  3 weeks. 
The r a t i o n a l e  behind t h i s  p ro to c o l  was t h a t  th e  r a t e  o f  hormone 
accum ulation  in f i s h  placed in black tanks, o r  hormone lo s s  in f i s h  p laced 
in  w hite  t a n k s  might r e f l e c t  the  i n i t i a l  s y n th e t i c  a c t i v i t y  o f  the  MCH 
neurones when they  came from th e  farm. In su p p o rt  o f  t h i s  idea  i t  has 
been shown t h a t  f i s h  t r a n s f e r r e d  from w hite  to  b lack tanks  can show a 3 -  
fo ld  accum ula tion  o f  MCH in t h e i r  p i t u i t a r i e s  w ith in  6 -13  days (Barber et  
al., 19S7) s u g g e s t in g  th a t  hormone s y n th e s i s  co n tin u e s  a f t e r  r e l e a s e  has 
stopped. In A lderley  a d u l t s  p laced  In black tanks , MCH accum ulation  in the  
hypothalam us and p i t u i t a r y  (compared with farm f is h )  was ev iden t  only in 
October ( f ig  7.2.). The f in g e r l i n g s  showed a s im i la r  t re n d  to  th e  a d u l t s  
( tab le  7.2,). In t r o u t  p laced  in W tanks, hormone lo s s  was l e a s t  marked 
aga in  in O ctober a d u l t s  and f in g e r l in g s .  I t  may be, th e re fo re ,  th a t  the  
s y n th e t ic  c a p a c i ty  o f  the  MCH neurones  i s  h ig h e s t  a t  t h i s  time in f i s h  
held  under n a t u r a l  pho toper iod  cond it ions . On th e  o th e r  hand, th e  t i s s u e  
co n te n ts  in th e  farm were low est a t  t h i s  time and m easurem ents o f  plasma 
MCH t i t r e s  in w h i te -a d a p te d  f ish  a lso  show a p p a re n tly  low est 
c o n c e n t ra t io n s  in October, so any conclusion  based  changes in t i s s u e  
c o n te n ts  a lone  must be t r e a t e d  w ith  caution. In r e t r o s p e c t ,  i t  i s  p o ss ib le  
th a t  an a d a p ta t io n  pe riod  o f  3 weeks was too  long: t h i s  long p e r iod  of 
a d a p ta t io n  to  b lack o r  w hite  ta n k s  may have led  to  a change in th e  r a t e  of 
MCH s y n th e s i s ,  which would mask th e  d i f f e re n c e  betw een groups.
Fig 7.2.
Variation in MCH concentration in Farm reared fish (a) and the difference in 
response to white- or black-adaptation (b) over a period of 1 year. Measurements 
from farm-reared fish are in arithmetic means and standard errors, Changes with 
white- or black adaptation are represented as a % of farm content, farm = 100 %.
J = January, Ap = April, Au = August, O = October.
O  Farm-reared fish I__I Farm-reared fish adapted to white tanks for 3 weeks
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Table  7.2. V ar ia t io n  in t i s s u e  and plasma MCH c o n c e n t ra t io n  in a d u l t  f i s h  
sampled a t  Alder ley  and W arminster farms and in t h e i r  a d a p ta t io n  to  black 
and w hite  backgrounds,
HYPOTHALAMIC MCH (ng) 
Source January April August October
ALDERLEY
Farm 21,4 ± 4,3 (8) 17, 2 ± 1,2 (8) 24,9 ± 3,0 (8) 8,9 ± 1,3 (8)
White 20,2 ± 5,0 (8) 21,1 ± 2,9 (8) 19,4 ± 2,1 (8) 15,7 ± 2,0 (7)
Black 34,2 ± 3 . 4  (6) 20,4 ± 2 . 8  (8) 19,9 ± 2 , 3  (7) 19,9 ± 2,5 (5)
WARMINSTER
Farm 10,5 ± 2,3 (8) 10,4 ± 0,5 (8) 10,8 ± 4,1 (8) 9,3 ± 1,5 (5)
White 6,1 ±2,1 (7) 8, 9 ± 0,4 (8) 10,2 ± 1,6 (6) 5,4 ± 0,5 (11)
Black 11,3 ± 3,9 (6) 5, 1 ± 0,2 (7) 12,3 ± 1 , 7  (7) 5,7 ± 1,4 (7)
PITUITARY MCH (ng)
Source January April August October
ALDERLEY
Farm 349,3 ± 22,1 (8) 181,0 ± 36,3 (8) 400,8 ± 47,0 (8) 143,3 ± 12,5 (8)
White 305,9 ± 32,4 (S) 99,0 ± 27,0 (8) 269,0 ± 33,7 (8) 125,5 ± 18, 1 (7)
Black 270,6 ± 9,9 (6) 220, 0 ± 37,0 (8) 264,8 ± 50,7 (7) 253,1 ±31,3 (6)
WARMINSTER
Farm 162,2 ± 33,5 (8) 104,0 ± 3 , 9  (8) 135,9 ±11,0 (8) 145,4 ± 16,8 (6)
White 140,3 ± 2,7 (7) 55,0 ± 18,0 (8) 53,9 ± 16,0 (6) 120,2 ± 22,3 (11)
Black 137,0 ± 14, 3 (6) 136,0 ± 7,0 (7) 190.7 ± 19,1 (7) 125,0 ± 15,0 (7)
PLASMA MCH (pg/mt)
Source January April August October
ALDERLEY
Farm 15,5 ± 3,0 (8) 23,9 ± 4.0 (8) 8,7 ± 1,3 (8) 14,0 ± 1,6 (6)
White 155,0 ± 2 0  (6) 143,1 ± 23 (8) 108,6 ± 18,9(7) 79,6 ± 3.2 (7)
Black 19,0 ± 12 (3) 24,4 ± 6,0 (8) 7,6 ± 1,2 (3) 12,0 ± 0, 4 (6)
WARMINSTER
Farm 11,2 ± 2,0 (8) 21, 1 ± 9,0 (8) 6,2 ± 1,0 (8) 12,4 ± 0,1 (6)
White 80,2 ± 18 (6) 55,6 ± 10 (8) 185,0 ± 80,3 (6) 27,2 ± 5,2 (11)
Black 13,0 ± 2,0 (6) 17.7 ± 3,0 (7) 8,0 ± 1,8 (7) 13,8 ± 1.5 (7)
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T able  7.3 . V a ria tio n  in  t i s s u e  and plasm a MCH c o n c e n tra tio n  in  f in g e r  l in g  
f is h  sam pled a t  A lder ley  and W arm inster farm s and in  t h e i r  a d a p ta tio n  to  
b lack  and w h ite  backgrounds.
HYPOTHALAMIC MCH (ng)
Source January April August October
ALDERLEY
Farm 10.2 ± 1.1 (7) 10,6 ± 1.0 (8) 11.2 i 2.0 (8) 9.4 ± 2,0 (6)
White 5.6 ± 0.8 (7) 6.1 ± 1.8 (9) 11.1 i 4.3 (3) 5,6 i 1.8 (7)
Black 10.2 ± 1.0 (7) 8.1 t 0.9 (9) 14.1 ± 1.8 (3) 11,2 ± 1.7 (6)
WARMINSTER
Farm 4.0 t  0.4 (8) 13,0 ± 1.5 (8) 10.1 i 2.3 (8) 7,6 ± 0.8 (6)
White 3.0 ± 0.4 (7) 2.6 1 0,2 (8) 10,9 i 1,9 (6) 2.1 ± 0,7 (7)
Black 6.4 i 0.6 (6) 12.2 i 3.2 (4) 4.9 ± 0.5 (8) 6,1 i 1.1 (7)
PITUITARY MCH (ng)
Source January April August October
ALDERLEY
Farm 90,3 i 10.0 (7) 154.5 i 26,0 (8) 103.7 ± 4.3 (8) 130,7 ± 16.0 (6)
White 45.5 i 11,4 (7) 68,7 ± 21,0 (9) 49,9 ± 26,2 (3) 131,0 ± 5,0 (7)
Black 92,2 ± 7,6 (7) 134,8 ± 19,4 (9) 113,5 i 16.7 (3) 198,0 ± 14,0 (12)
WARMINSTER
Farm 48,9 t 4.9 (8) 124,8 ± 16,5 (8) 155,1 ± 14,4 (8) 80,9 t 10,5 (6)
White 23.9 t 7.5 (7) 16,7 ± 2,0 (8) 26,5 1 3.2 (6) 11.0 ± 1,0 (7)
Black 64,4 t 6.6 (6) 105.8 1 4.1 (4) 167,9 ± 6,5 (8) 116.0 ± 12,0 (6)
F ish  re a re d  a t  W arm inster w ere n o t k ep t under n a tu r a l  pho to p erio d  and 
ag a in  showed no se a so n a l v a r ia t io n s  in  t i s s u e  c o n te n ts . T he ir t i s s u e  
c o n te n ts  w ere low er th an  in  A lder ley  f is h  and th e  m arked d e c lin e  in  t i s s u e  
c o n c e n tra tio n  when th ey  were p lac e d  on w h ite  ta n k s  s u g g e s t  a r e l a t iv e ly  
low le v e l  o f MCH sy n th e s is . T h e ir  plasm a hormone c o n c e n tra tio n s  on a w h ite  
background w ere a ls o  s ig n i f ic a n t ly  low er th an  A lder le y  f is h  in  O ctober and 
A p ril a lth o u g h  th ey  showed s u rp r is in g ly  h ig h  v a lu e s  in  A ugust w h ite -  
ad ap ted  f ish . These v a lu es  m e r it  co n firm atio n , in  view o f th e  o b se rv a tio n s  
o f Bowley e t a l ., 1983) th a t  p lasm a aMSH t i t r e s  ten d  to  be h ig h e r  in
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Warminster than  A lderley  f ish ;  s u g g e s t in g  a r e v e r s a l  o f  th e  m elanotrophic
balance between f ish  from th e s e  two sources .
In conclusion:
1. Rearing co n d it io n s  can a f f e c t  MCH a c t iv i t y ,  r e a r in g  f i s h  in 
w hite  tanks  s t im u la te s  the  MCH system  r e s u l t i n g  in h ig h er  
s e c r e to r y  a c t i v i t y  than  in f i s h  rea re d  in b lack  tanks.
2. These s tu d i e s  have f a i le d  to  d e te c t  any c le a r  s e a so n a l  changes 
in MCH s y n th e s i s  and con ten t in f i s h  re a re d  under farm 
co n d it io n s  , w ith  th e  p o ss ib le  excep tion  of a s l i g h t  apparen t  
in c re a se  in the  s y n th e t ic  capac i ty  of the  MCH neurones in 
October. The p h y s io lo g ic a l  c o n tro l  and a d a p tiv e  advan tage  of 
such a change i s  unknown.
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F U T U R E  I N V E S T I G A T I O N S
Now th a t  th e  sequence o f mammalian MCH Is  known, f u tu re  work Is  l ik e ly  
to  focus on I t s  mammalian fu n c tio n s  a s  w ell a s  th e  r o le  o f th e  o th e r  
p u ta t iv e  n e u ro p e p tid e s  found w ith in  th e  mRNA sequence  (eg NGE and NEI, 
Nahon e£ al., 1989). There i s  a  h igh d eg ree  o f homology in  th e  sequence 
o f MCH found in  f is h  and r a t s .  T his would imply s e le c tio n  p re s s u re s  to  
p re se rv e  i t s  s t r u c tu r e  because  o f an im portan t p h y s io lo g ic a l fu n c tio n , bu t 
th e  n a tu re  o f th a t  fu n c tio n  i s  a s  ye t unknown a s  f a r  a s  mammals a re  
concerned.
U n til now n e a rly  a l l  work has focu ssed  on th e  r o le  o f MCH in f is h . As a 
co lo u r-ch an g e  hormone i t  in d u ces  p a llo r , bu t only in  t e l e o s t  and h o lo s te a n  
f is h  (Baker 1988a, 1988b). T h is  s u g g e s ts  th a t  th e  m e la n in -c o n c e n tra tin g  
a b i l i ty  o f MCH is  an e v o lu tio n a ry  p e c u lia r i ty  o f  th e  n eo p te ry g ia n s . I t  i s  
re le a s e d  in to  th e  blood (K ishida e t al., 1989; E b erle  e t al., 1989) and 
in te r a c t s  w ith  s p e c if ic  r e c e p to r s  on th e  m elanophore (Oshiraa e t  al., 1985) 
cau sin g  m elanin c o n c e n tra tio n  and c o u n te ra c tin g  th e  e f f e c t  o f aMSH (Baker 
1988a). A d d itio n a lly  MCH r e le a s e  a t  te rm in a ls  in  th e  n e u ra l  lobe (Powell 
and Baker, 1987) d e p re s se s  aMSH s e c re tio n  from th e  m elano trophs in  th e  
NIL (Barber e t al., 1987). There i s  a ls o  ev idence  th a t  MCH can d e p re ss  ACTH 
r e le a s e  (Baker e t  al., 1985; 1986) and o b se rv a tio n s  d e sc rib ed  in  c h a p te r  6 
o f t h i s  th e s i s  su g g e s t th a t  MCH can a ls o  m odulate CRF r e le a s e  under 
c e r ta in  c o n d itio n s .
In a l l  g ro u p s examined so  fa r ,  o th e r  th an  th e  n e o p te ry g ia n s , MCH 
d is t r ib u t io n  i s  c o n c en tra te d  p r im a rily  in  th e  b ra in  (see  c h a p te r  1 and
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E berle , 1988 fo r  review ). A horm onal fu n c tio n  fo r  MCH in  te tr a p o d s  seem s 
u n lik e ly  in  view o f th e  sm all am ounts o f MCH d e te c te d  in  th e  n e u ra l  lobe; 
i t  ap p ears , r a th e r ,  th a t  MCH i s  a c tin g  a s  a neu rom odu lato r o f b ra in  
function .
Since th e  s t r u c tu r e  o f MCH h as  been h ig h ly  conserved , i t  seem s p la u s ib le  
th a t  i t s  p h y s io lo g ic a l e f f e c t s  in  f is h  could  p ro v id e  a c lu e  to  i t s  
fu n c tio n  in  mammals. The rea so n in g  behind th i s  s ta te m e n t i s  a s  fo llow s: I t
i s  l ik e ly  th a t  f is h  and r a t  MCH in  th e i r  p re s e n t form s evolved from an
a n c e s t r a l  m olecule (MCH i s  found in  lam preys a ls o  and th e  s t r u c tu r e  o f
MCH in  t h i s  sp e c ie s  may be c lo se  to  th a t  o f th e  a n c e s t r a l  m olecule). At
some p o in t th e  r o le  o f MCH in  th e s e  g roups d iverged . In f is h , MCH became 
involved  in  chrom atic  a d a p ta tio n . Thus, e v o lu tio n  o f a co lou r change 
fu n c tio n  fo r  MCH m ust have fo llow ed g ra d u a lly  from th e  a n c e s t r a l  fu n c tio n  
which presum ably  had f e a tu r e s  which p re -d isp o se d  th e  sub seq u en t 
developm ent o f  p igm entary  c o n tro l. I f  th e  co lo u r change fu n c tio n  o f MCH 
i s  reg a rd e d  a s  th e  'new' fu n c tio n , th e  fo llow ing  q u e s tio n  a r i s e s :  Are th e  
n o n -co lo u r-ch an g e  fu n c tio n s  o f  MCH in  f is h  r e l i c s  o f  th e  fu n c tio n  o f th e  
a n c e s t r a l  m olecule? Also, by exam ining th e  mechanisms by which i t  e x e r ts  
i t s  e f f e c t s  in  f is h , i s  i t  p o s s ib le  to  e x tr a p o la te  backw ards to  th e  
a n c e s t r a l  r o le  o f MCH and th e re b y  deduce p o s s ib i l i t i e s  fo r  i t s  p re se n t 
fu n c tio n  in  mammals? For example, MCH can in h ib i t  aMSH a c tio n  on 
m elanophores in  is  'new’ c a p a c ity  a s  a co lo u r change hormone; bu t in  i t s  
a n c e s t r a l  form i t  may have been ab le  to  in h ib i t  aMSH e f f e c t s  on a 
d i f f e r e n t  t a r g e t ,  and today  i t  may in h ib i t  th e  e f f e c t s  o f aMSH in  th e  
b ra in  in  mammals.
I t  i s  s t r ik in g  th a t  th e  known fu n c tio n s  o f MCH can be taken  to g e th e r  and 
used  to  d e sc r ib e  a p o s s ib le  ro le  fo r  MCH a s  a m odu la to r fo r  POMC-HPA. I t  
may be a b le  to  do th i s  by a n ta g o n is in g  th e  e f f e c t s  o f  aMSH. The r e le a s e
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o f aMSH from th e  p i tu i ta r y  has  been shown to  in c re a se  w ith  s t r e s s  
a lth o u g h  d i f f e r e n t  ty p es  o f s t r e s s  do no t cau se  p a r a l le l  in c re a s e s  in  th e  
r e le a s e  o f  a l l  POMC p e p tid e s  from th e  c o r t ic o tro p h s  and m elanotrophs. For 
example, in  f is h , Gilham and Baker found th a t  aMSH s e c re tio n  in c re a se d  
w ith  re p e a te d  in je c tio n  s t r e s s  (Gilham and Baker, 1985). Sum pter and co­
w orkers s t r e s s e d  f i s h  by d i f f e r e n t  m ethods and found th a t  an a c u te  
confinem ent s t r e s s  d id  no t a f f e c t  plasm a aMSH t i t r e s ,  bu t confinem ent 
s t r e s s  coupled w ith  r e s t r a i n t  o r therm al shock d id  r e s u l t  in  in c re ase d  
plasm a aMSH and (3-endorphin t i t r e s  (Sumpter e t  al., 1985, 1986). In r a t s ,  
some ty p e s  o f s tr e s s - in d u c e d  s e c re tio n  in  aMSH a re  th o u g h t to  be 
m ediated  by p -a d re n e rg ic  re c e p to r s , fo r  exam ple blockage o f th e s e  
r e c e p to r s  w ith  p ro p ra n o lo l red u c e s  o r p re v e n ts  th e  s e c re tio n  o f  aMSH or 
p -endorph in  from th e  PI o f r a t s  exposed to  em otional s t r e s s o r s  
(Berkenbosch e t al., 1981; T ild e rs  e t  al., 1985), The purpose o f th e s e  
s e c re t io n s  i s  n o t known, b u t th ey  may have an enhancing  e f f e c t  on th e  
c la s s ic a l  HPI a x is  in  f is h  (Baker and Ranee, 1981; T akahash i e t  al., 1985; 
Gilham and Baker, 1985). However, th e  mode o f a c tio n  o f aMSH in  t h i s  
r e s p e c t  i s  u n c le a r, i t  may be a c tin g  on a lo w - a f f in i ty  ACTH re c e p to r  
r a th e r  th an  on a s p e c i f ic  aMSH re c e p to r , a lth o u g h  aMSH has been shown to  
s t im u la te  ACTH r e le a s e  e s p e c ia l ly  i f  AVP i s  p re s e n t (Lis e t  al., 1982). I t  
i s  p o s s ib le  th a t  MCH could  m odulate th e  HPA-enhancing e f f e c t s  o f aMSH. 
MCH may a ls o  be a b le  to  m odulate  th e  s t r e s s  re sp o n se  by d e p re ss in g  th e  
r e le a s e  o f ACTH from th e  o th e r  POM C-secreting c e l ls ;  th e  c o r t ic o tro p h s . 
S tre s s - in d u c e d  r i s e s  in  ACTH re le a s e  a re  under in h ib i to ry  c o n tro l  by a -  
a d re n e rg ic  re c e p to r s , and s in c e  MCH can s y n e rg is e  w ith  n o ra d re n a lin e  in  
f is h , i t  may be a b le  to  s y n e rg ise  w ith  n o ra d re n a lin e  in  r a t s  and th u s  
m odulate th e  a c t iv i ty  o f th e  HPA a x is . A d d itio n a lly , i t  i s  in te r e s t in g  to  
n o te  th a t  th e  MCH p e rik a ry a  o f  th e  subzona in c e r ta  re c e iv e  ACh in p u t, 
i t s e l f  a s t im u la to r  o f  ACTH r e le a s e  (Kdhler and Swanson, 1984; Fellm an e t
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al., 1989). However, hypo thalam ic aMSH h a s  been im p lica ted  in  th e  
in h ib i t io n  o f CRF re le a s e :  p e rfu se d  r a t  b ra in  s l i c e s  showed reduced  CRF 
r e le a s e  when t r e a te d  w ith  aMSH a t  nano m olar c o n c e n tra tio n s  (Suda e t  al., 
1986).
MCH could  a n ta g o n ise  o th e r  e f f e c t s  o f  c e n tr a l ly -d e r iv e d  aMSH. Not only  is  
aMSH produced by th e  p i tu i ta r y ,  bu t bo th  d e s -a c e ty la te d  and a c e ty la te d  
form s a re  produced by n eu rones in  th e  b ra in  which could  have 
neurom odulato ry  e f f e c ts .  For in s ta n c e , aMSH in  th e  CNS i s  though t to  be a 
p h y s io lo g ic a l r e g u la to r  o f  p ro la c tin  (PRL) r e le a s e  in  th e  r a t  because  
s t im u li  known to  a l t e r  plasm a PRL le v e ls  s im u lta n e o u sly  change
hypothalam ic aMSH: c e n tr a l ly  a d m in is te red  desacetyl-aM SH  in h ib i t s  bo th
b a sa l  and s tim u la te d  r e le a s e  o f PRL in  th e  male and o v ariec to m ised  fem ale 
r a t  (Khorram e t  al., 1982; Newman e t  al., 1985). In je c tio n  o f aMSH 
a n tib o d ie s  in to  th e  th i r d  v e n tr ic le  in c re a s e s  th e  b a sa l  PRL le v e ls  and
p re v e n ts  th e  d ec lin e  in  plasm a PRL th a t  o ccu rs  60 min a f t e r  th e  o n se t o f 
s t r e s s  in  c o n tro ls  (Khorram e t  al., 1984; 1985). T his P R L -inh ib iting  a c tio n  
o f aMSH i s  dopamine m ediated . aMSH w ill  a ls o  block th e  o p ia te - in d u c e d
r i s e  in  PRL re le a s e  i f  i t  i s  in je c te d  to g e th e r  w ith  p -endorph in  (Khorram 
and McCann, 1986; Wardlaw e t  al., 1986).
There i s  ev idence  th a t  MCH may enhance GH r e le a s e  in  r a t s .  Kawauchi e t  
al., (1986) showed th a t  in je c tio n  w ith  440 jig MCH/ kg caused  plasm a 
le v e ls  o f GH to  r i s e  a f t e r  lh  and rem ain h igh  fo r  s e v e ra l  h ou rs. The long 
la te n t  p e rio d  b e fo re  a r i s e  in  plasm a GH i s  observed  s u g g e s ts  th a t  MCH 
was hav ing  some in d ire c t  e f f e c t  in  o rd e r to  cause  GH re le a s e ,  bu t w hether 
th i s  e f f e c t  i s  due to  p h y s io lo g ic a l o r pharm aco log ica l a c tio n  on th e  b ra in  
i s  unknown. I t  i s  in te r e s t in g  to  n o te  however, th a t  in  a paper p u b lish ed  
in  1935, M ottley  and Deno re p o r te d  th a t  brown t r o u t  re a re d  in  a tan k
subd iv ided  in to  b lack  o r w h ite  h a lv e s  showed d i f f e r e n t  grow th  r a te s ,
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th o se  in  th e  w hite  h a lf  grow ing f a s t e r  than  t h e i r  b lac k -ad p te d  ta n k -  
m ates. I t  i s  p o ss ib le  th a t  th ey  grew  f a s t e r  becau se  th ey  w ere le s s  
s t r e s s e d  due to  h igh MCH p ro d u ctio n  (see C hapter 6) r a th e r  than  any GH- 
r e le a s in g  e f f e c t .
F in a lly , Zamir and co -w orkers (1985) su g g e ste d  th a t  th e re  m ight be a lin k  
betw een MCH fu n c tio n  and th e  re g u la tio n  o f food and w a te r in ta k e  in  th e  
r a t ,  s in c e  r a t s  g iven  2% MaCl to  d rink  fo r  5 days showed in c re a se d  MCH 
c o n c e n tra tio n s  in  th e  l a t e r a l  hypothalam us and th e  p i tu i t a r y  n e u ra l  lobe.
Methods fo r  in v e s t ig a t in g  th e  involvem ent o f MCH w ith  any o f th e s e  
a c tio n s  o f aMSH, o th e r  POMC p e p tid e s , ca techo lam ines  and ACh should  
i n i t i a l l y  in c lu d e  mapping o f th e  d i s t r ib u t io n  o f  MCH re c e p to r s  in  th e  
b ra in  in  con junc tion  w ith  th e  o ccu rrence  o f ir-MCH, in  o rd e r  to  be ab le  to  
c o r r e la te  th e  s i t e  o f a c tio n  o f  MCH w ith  i t s  s i t e s  o f r e le a s e . S im ila rly , 
th e  d i s t r ib u t io n  o f MCH re c e p to r s  could be compared to  b ra in  a re a s  known 
to  re c e iv e  catecho lam ine  and POMC inpu t. R e su lts  from such  experim en ts  
would g iv e  a c le a re r  idea  abou t th e  d ire c tio n  r e s e a rc h  in to  mammalian MCH 
should  follow .
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1. Io d ln a tlo n  p ro ced u re  f o r  MCH and aMSH.
S o lu tio n s  req u ired :
0.25 M Phosphate b u f fe r  pH 7.4
0.05 M Phosphate b u f fe r  pH 7.4
0.05 M Phosphate b u f fe r  + 0.25% BSA + 1% M ercap toe thano l (MEth)
1% T r if lu o ro a c e t ic  ac id  (TFA)
80% M ethanol (MeOH)
Polypep (20mg in  2mi 0.05 M Phosphate b u f fe r )
Graded MeOH + 1% TFA <40% -  62.5%)
Also re q u ire d  a re  tu b e s  c o n ta in in g  th e  fo llow ing:
4m! 50% MeOH
4m! 0.05 M Phosphate b u f fe r  + 0.25% BSA + 1% MEth 
P rocedure
1. The SEP-PAK <C-18, W aters A sso c ia te s , M ilford , MA) was washed slow ly  






2. In an eppendorf, th e  fo llow ing  re a g e n ts  w ere assem bled: lmCi 125I 
(lO pl, from Amersham, in  th e  form of Nal) was p laced  in  th e  bottom  o f 
th e  tu b e  a long  w ith  20p! 0.25 M Phosphate b u f fe r .  Then lOp! MCH (2pg 
in  0.001% HC1) was p laced  in  th e  tu b e  such th a t  i t  s tu c k  to  th e  tu b e  
w all, th e  same fo r  15p! Chloram ine T <5mg in  10m! 0.25M P hosphate  
b u ffe r ) . T his l a s t  component was p rep a red  a t  th e  l a s t  m inute.
-121-
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3. The tu b e  l id  was re p la c e d  se c u re ly  and i t s  c o n te n ts  v o rtex ed  and
allow ed to  r e a c t  fo r  30 se c  e x ac tly .
4. The re a c tio n  was s topped  w ith  th e  a d d itio n  o f 600jjil 0.05 M Phosphate  
b u f fe r  + 0.25% BSA + 1% MEth.
5. The c o n te n ts  o f th e  eppendorf a re  th en  a p p lie d  to  th e  SEP-PAK tw ice  
and th en  washed tw ice  w ith  600jj,I 0.25 M P hosphate  b u f fe r . The
la b e lle d  p e p tid e  was e lu te d  w ith  g raded  MeOH s o lu t io n s  (+1% TFA)
th re e  w ashes fo r  each MeOH fra c tio n .
6. The peaks were p laced  in  th e  s to ra g e  tu b e s  and kept a t  -20°.
Appendix
2. Io d in a tlo n  p ro ced u re  f o r  NPP-1
B rie fly , to  0.4mCi i g5I  (5jil) w ere added 25pl 0.05 M phosphate  b u f fe r  (pH 
7) c o n ta in in g  5jig NPP-1, and 5jjl 1 0.057# H20 2 in  0.2 M phosphate  b u f fe r  (PB). 
The r e a c tio n  was s t a r t e d  by adding 5pl 10% la c to p e ro x id a se  (90 U/mg in 
d i s t i l l e d  w a te r)  and s to p p ed  a f t e r  3 min by th e  a d d it io n  o f 75jji1 c h il le d  
0.05 M PB. The la b e lle d  p e p tid e  was se p a ra te d  from f re e  io d in e  and 
u n lab e lle d  p e p tid e  on a sephadex G-75 column (prim ed w ith  1% BSA) w ith  
0.02 M PB a t  a flow  r a t e  o f  6 -1 0  ml/ h. Volumes o f 0.5 ml/ tu b e  were 
c o lle c te d , th e  ra d io a c t iv e  peak was d ilu te d  w ith  an eq u a l volume o f b u f fe r  
A and s to re d  a t  -40*.
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